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BAROMETERS 
Mercurial 


CONTROLLERS 


Flow 
Humidity 

pH 

Liquid Level 
Pressure 
Temperature 
Vacuum 


FLOW INSTRUMENTS 


Controllers 
Indicators 
Integrators 
Meters 
Recorders 


GAGES, RECORDING 


Pressure 
Temperature 
Vacuum 


HYDROMETERS 


HYGROMETERS 
Wet & Dry Bulb 
Thermometers 
‘Greltiiem eas 


Controllers 
Indicators 
Recorders 


MERCURIAL GAGES 
Absolute Pressure 
Mercurial Vacuum 
MOISTURE METERS 


Grains, Tobacco, 
Wood, Granular 
Material 


OIL TESTING 
INSTRUMENTS 


POTENTIOMETERS 


Controlling 
Indicating 
Recording 


PYROMETERS 


Controlling 
Indicating 
Recording 
Resistance 
Thermoelectric 


RECORDERS 


Electric 


~ Flow 


Humidity 

pH 

Hygrometer 
Liquid Level 
Pressure 
Psychrometers 
Temperature 
Time-Operation 
Vacuum 


STEAM TRAPS 


THERMOMETERS 


Chemical 

Dial 

Electric 
Expansion Stem 
Indicating 
Industrial 
Recording 
Resistance 


VALVES 
Diaphragm 
Reducing 
V-Port 
Three-Way 


Instantly, Process Disturbances " 
Corrected ---No Lag In Recovery ‘inj 
-*+No Wasted Production Time | 


TAG Recorder Controller 
With Automatic Reset 


By initiating automatic 
valve action to the pre- 
cise degree needed to 
halt operation upsets as 
soon as they start, this 
TAG development writes 
a new chapter in 
RECORDER - CON- 
TROLLER  perform- 
ance. The many ad- 
vantages important to 
you are clearly out- 
lined in Catalog 

No. 1200. 


The pressure of wartime 
necessity produces many 
things whose benefits carry 
over into the post-war 
period .. . and the TAG 
RECORDER-CONTROLLER 
WITH AUTOMATIC RESET 
is a notable example of 
equipment geared to 
tomorrow! 


Today, synthetic rubber, 
catalytic cracking, chemi. 
cals, aeroplane engine test- 
ing, ordnance and food 
processing appreciate the 
advantages of this ‘‘pulse 
controlling’ instrument. 


Tomorrow's production, too, 
will enjoy the reduction of 
reruns and the uniformity of 
production TAG instru- 
mentation contributes. 
Check the list at the left for 
equipment in which you may 
be interested. 





C. J. TAGLIABUE MFG. CO. 


Park & Nostrand Ave’s., Brooklyn 5, N. Y. 




















THE KOLLSMAN 50,000 FOOT SENSITIVE ALTIMETER has paced. if not indeed anticipated. the progress of 
ititude aircraft operation. This instrument is capable of recording pressure differentials at levels where 
ivier-than-air machines have yet performed. It is so accurately made, so nicely yet positively balanced 
i diaphragm movement of but .000045“ registers 20 feet on the dial. The Sensitive Altimeter. is 
the highest expressions of Kollsman skill in design and execution of precision devices of many kinds. 


\= KOLLSMA! MAN AIRCRAFT INSTRUMENTS 


PRODUCT OF 


SQUARE D COMPANY 


ELMHURST, NEW YORK GLENDALE, CALIFORNIA 
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180 
hollit | INDUSTRIAL THERMOSTATS 
j fn THERMOMETERS 
LABORATORY HYGROMETERS 
i T 
BERMOMETERS HYDROMETERS 
RECORDING 
THERMOMETERS PSYCHROMETERS 


MARINE SPECIALTIES ETC., ETC. 


77 Years of 
DEPENDABILITY 


The lasting accuracy, ruggedness and other 
distinctive features of Moeller instruments 
are the resulf of the thoroughly precise 
and honest way they are engineered. 


MOELLER MERCURY THERMOMETERS 


Extreme Precision Grade: Solid glass etched stem, 
mercury thermometers (nitrogen filled) for determining 
temperatures within a fractional part of a degree. 





Standard Thermometers: Provide laboratory accuracy 
combined with sturdiness. Made of highest grade glass and 
materials. Mercury filled, calibrated for total or partial 
immersion. Types with "Moeller Glass Red Reading Column" 
afford optimum ease in reading. 


Industrial Thermometers: High accuracy is easy to 
read under plant conditions because of "Moeller Glass Red 
Reading Column". Prevents eye-strain. V-shape case with 
glass front furnished in wide variety of forms such as: 
Straight Stem (see illustration above), Angle Form Types, 
Handle-Top Thermometers for use in food processing, gal- 
vanizing, etc., etc. 


Separable Sockets, Extension Necks, etc., etc., available. 
Thermometer Test Wells—machined from solid bar stock. 


DIAL and RECORDING 
THERMOMETERS 


Made to strictest standards of pre- 
cision, these mercury filled instru- 
ments are calibrated for ranges up 
to 1000°F. or equivalent. Square and 
round cases available. Metal and 


Phenolite cases. 


Write for catalog 


MOELLER =e INCE 1067 —— 
INSTRUMENT COMPANY 


{32nd STREET and 89th AVENUE 
RICHMOND HILL NEW YORK 


Sales Representatives in Principal Cities 
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F. BEHAR, Editor 


SPITE the factual expositions of 
engineers, industrialists and econ- 
omists who know the wealth-creating 
nd wealth-distributing consequences of 
cost-cutting devices, the anti- 
anti-machine, anti-progress agi- 
Ftation goes on and on. 
It ecoming plainer that more than 
agitator is inflaming the 
against labor-saving devices 
rainst private ownership there- 
an attempt to become a dictator. 
to know our enemies’ tactics, 
e listened to their broadeasts 
id their printed manifestos, and 
find that no matter what panacea they 
to, their common theme is the 
kum about a handful of pluto- 
ts owning eight-tenths of all the 
eans of production—from farm lands, 
attle ranches, forest and mines to all 
the various processing and fabricating 
ndustries; nine-tenths of the means of 
transportation; and seven-tenths of the 
agencies of distribution. Therefore the 
utocrats adopt labor-saving machines 
create hordes of un- 
semployed who scramble for scarcer jobs. 
PTherefore: (1) turn over the Federal 
Reserve to a few hundred slick poli- 
t s elected by popular vote, or (2) 
rive half our national income to the 
wed; or (3) grab all privately-owned 
(4) steal the factories and 
‘ailroads and chain stores from their 
owners. 





fish 


d methods to 


Hlevitimate 
Throughout these fulminations runs 
he thread of resentment against tech- 
gical progress: the would-be Hitlers 
aim that we have emerged 
he covered-wagon age it has be- 
come possible for a few plutocrats to 
nearly everything and therefore 
must kill, jail or otherwise dispose 
plutoecrats, abolish our form of 
/government...and give supreme power 
sto Mr. X or Doctor Y or Father Z— 


be CAUSE 


who of course would somehow ‘“dis- 
itribute the wealth” .. . Of course! 
eSomehow ! 

} + ® 

\ the would-be dictators conceal 


iS that “purchasing power” is not ab- 


Solute but relative. Automatic devices 
bring down the cost of cars and radios 
and and oil and electric energy and 
pr ed foods and good clothes and 
mo houses, thereby enormously 
wit ¢ the markets and creating mil- 
, f new jobs. These jobs are in 
p y-owned” establishments. What 
of Under communism or fascism 





THE MAGAZINE OF 
Measurement 


and Control 


Automaticity Makes Jobs 


there would be even fewer overlords, 
exercising a far more despotic power 
without the possibility of tripartite 
governmental regulations. 

For proof that automaticity makes 
jobs by making possible mass produc- 
tion, look at the automobile industry. 

M. F. BEHAR 


The above may sound familiar to old 
subscribers. It appeared on this page 
twice: in Dee. "35—in large type nearly 
filling the whole page then again in 
July "37 by re quest of many subsecrib- 
ers. It is the 
enemies of methods are 
preparing NOW to impede the 
of instrumentation. They are the same 


reprinted now bhecause 
labor-saving 
growth 
anti-American rabble-rousers under 
new names, disguising 
themselves as Don’t 
estimate their unholy zeal: they have 
already introduced anti-technology bills 
in Congress. Wake up! 

Yes, wake up! Don’t laugh me off as 
an old codger who imagines bolsheviks 
and fascists hiding under his bed. If 
you'd seen the evidence I saw, you'd 
agree with me (as did Federal author- 
ities). What I'm fighting FOR is your 
future prospe rity -hundreds of thou- 
sands of NEW jobs for instrument men 
in an EXPANDING post-war Indus- 
trial America. That’s why I fight 
AGAINST your enemies in our midst. 
I can’t do it alone. So Tell and 
write everybody, including your Sena- 


organization 


patriots. under- 


act! 


tors and Congressmen, that labor-sav- 
ing instruments are a PURE blessing, 
speeding the War Effort now and stim- 
ulating employment later. 


Jewel Bearings Eased Up 
WAR PRODUCTION BOARD 
To the Editor of Instruments: 

We are enclosing a copy of the 
amended M-50 Conservation Order. The 
following are some of the changes: 

1. Paragraph (c), which specified the 
only permitted uses of jewel bearings, 
has been removed from the Order. For- 
merly, in order for the consumer to use 
any jewel bearings for any use other 
than the one defined in Paragraph (c), 
it was necessary to file an appeal ask- 
ing for relief under the Order. The 
necessity for filing such appeals is 
eliminated. In this same connection, 
Paragraph (a) (13) which defined 
“Implements of War,” one of the chief 
end uses, has been eliminated. 





2. The definition of “jewel bearings” 
was changed by eliminating needles, 
stylii, cutters, nozzles, supports, tool 
bits, and dies. It will no longer be neces- 
sary for suppliers of these items to re- 
port their production nor for consum- 
ers to report their consumption of these 
products. Also, deliveries, processing, 
and use will not be restricted. 

3. The definition of “consumer” has 
been changed so that a person who uses 
jewel bearings in the repair of watches 
or instruments will longer be re- 
quired to file any reports. 

4. The restrictions on the delivery, 
processing, and use of substitute jewel 
bearings have been removed from the 
Order; therefore, substitutes will not 
be subject to allocation. 

5. Consumers of jewel bearings or 
substitute bearings who use 10,000 or 
more per quarter will be required to 
file monthly reports; consumers who 
use between 500 and 10,000 per quarter 
will be required to file quarterly re- 
ports; consumers who use 500 or less 
per quarter will not be required to file 
any report on their consumption of 
jewel bearings or substitute bearings. 

Allocations will continue to be made 
on a monthly basis, and it will still be 
necessary for the suppliers to procure 
authorization to make shipments. The 
War Production Board will continue to 
notify the consumer of the type and 
quantity of the allocation. 

6. Paragraph (f) (38) has_ been 
changed to make it unnecessary fo) 
producers or suppliers to report their 
production and to request authorization 
for delivery of natural 
natural ruby. 

We would like to point 
graph (f) (4), “Specific Exemptions,’ 
which we had inserted in the Conser- 
vation Order. According to this para- 
graph, if circumstances show such uni- 
formity of production or requirements 
as to indicate that the filing of reports 
is no longer necessary, we can author- 
ize a supplier or consumer to discon- 
tinue filing reports without amending 
the Conservation Order. 

Our Order as it now stands has been 
held up to other Divisions of the War 
Production Board as a good example 
of eliminating restrictions on industry. 
We would appreciate it very much if 
you could put something into Instru- 
ments, so that the general public would 
have authoritative information on jewel 
bearings. 


no 


sapphire or 


out Para- 


’ 


CHARLES D. BURGESS, 
Jewel Bearing Section 
Miscellaneous Minerals Division 
WPB Dept. 7525 
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ELECTRIC GAGING METHODS 


for Strain, Movement, Pressure and Vibratio: 


By HOWARD C. ROBERTS, University of Illinois 








EDITOR’S PREFACE 
a perhaps ten years the need of a book on electric 
gaging methods has been evident, becoming more 
evident with a growing awareness that electric “gag- 
ing” principles find use in many fields of measurement 
and of automatic control. This need became critical 
recently as the number of practical but uncommercial- 
engineer’s ability to find 
even in large technical 


ized methods outgrew any 
them in his company’s library 
libraries. Hundreds of titles afford no clues to the gag- 
ing-method within. Even most abstracts 
have in this respect a “hiding power” like that of black 
paint! A further complication is that new methods 
came out in more than twenty countries. There has 
been talk of creating a large literature-research com- 
mittee—necessarily made up of specialists from ten or 

more societies. But the result- 

ing bibliography would be in- 


disclosures 


digestible—even in some cases 
a deterrent to possibly fruit- 
ful effort (the familiar “some- 
one-beat-me-to-this-idea-and- 
no - doubt - he - has - developed - 
it”) : the fact is that few meth- 






-- ods have been adequately de- 
veloped. On the other hand 

—_— ‘ ; ; 
Sing there is too much duplication 


of effort. The real need is not 

' for a bibliography but for a 
treatise, well-arranged and dis- 

A cussing all promising methods. 
\ The specific need was for 

4) an author equal to a commit- 


tee in scope of experience and 
better than a committee in 
discrimination. As far as I know, only one man quali- 
fies: Howard Roberts has been engaged since 1932 in 
just the right kind of research and development—spe- 
cializing in electric gaging but applying the fruits of 
his work to wide industrial fields ranging from geo- 
physies to railroad tracks, from photometry to molded 
plastics. He began this book project in 1941 when he 
was not connected with the University; his work on it 
is not part of his University duties and (fortunately 
for our readers!) it is entirely separate from his spe- 
cial war work. That is why his title (‘“Research Asso 
ciate’) cannot appear at the top of this page—which 
must break his heart because he is a loyal Illinois grad 
(B.A. in Physics) and his first job was that of re- 
search assistant in the Physics Department, from 1930 
to 1932. Between 1932 and 1942 he worked for the 
State of Illinois and for private industry. In 1942 he 
was appointed to his present position. 

Since 1932 his experience has been mostly commer- 
cial research and development of improved methods 
and apparatus for making physical measurements. He 
made a name for himself as a designer and builder of 
so many “gadgets that work” that all the pictures in 
Part One of his book could be those of his own brain- 
children! Of course, he will describe commercial instru- 
ments in Parts Two and Three. 


H. C. ROBERTS 


By the way, manufacturers of little-known and never-publ zea special in 


iment ind auxiliary devices e invit ' nd him techn 
jescription H address is 108 Talbot Lat 

Although Mr. Roberts had amassed a good deal of 
material before Pearl Harbor, he makes his final re- 
visions from month to month, so that every instalment 
of his book will be truly up-to-date. M. F. BEHAR 
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AUTHOR’S FOREWORD 
EASUREMENT is the basis for all engi: 


work. It has been the effort of enginee 
years to increase the sensitivity, the ac 
above all else, the utility of their methods of m 

The need for methods of 
would indicate the action of a complete structur 
portion of it under actual service conditions, t] 
ized centuries ago perhaps, has not until recent 
satisfied. In the last few decades, however, a lai 
of work has been published (and there is muc] 
necessarily less valuable, not published) desc: 
principles of such methods, their practical embod 
some of their applications. 

Three requirements peculiar to testin; 
(and not to the methods ordinarily used in thi 
laboratory) are of primary importance in struct 
ing. They are: first, robustness and stability 
to unwanted disturbances—to make field operatio 
second, ability to record the data being taker 
point remote from the point of application of 
and, third, ability to record rapidly-changing } 
so that dynamic effects can be studied. 

Early in the development of these methods, 
ploying pneumatic, hydraulic and mechanical 
were used. Later, electrical principles were appli 
have shown the greatest promise of all. To a lar; 


physical measure) 


such 


however, the development of electric gages ha 

the concurrent development of the art of applicati 
trical instrumentation in general. For example, t 
a capacitance-type pressure pick-up (a conde 

phone telephone transmitter) was suggested! as 
as 1881; its successful application did not come unt 
four decades later, after the electron tube had b 
practical form. 

In structural testing (as contrasted to the us 
of research laboratory testing) far more is requ 
a set of instruments capable of measuring physic: 
tudes in the surroundings of the laboratory. Mar 
standard laboratory tests are set up only as meat 
paring the characteristics of materials, or of comp 
effects upon those materials of changes in sl 
usually employ as a criterion some factor whose } 
ment is facilitated by the type of specimen and 
method used. Translation of such data into struct 
sign is neither direct nor satisfactory. 

In contrast to this, the testing of complete 
requires the exercise of ingenuity and imaginat 
type of test made must be so chosen that the n 
formation may be secured without altering the str 
interfering with its action. Sometimes a single 
ment can serve as a criterion of more than o1 
effects being studied. No general method for outi 
work of this type can be stated; it is more an a 
science. 

It is hardly possible to list (and certainly not 
to describe) all the individual forms of elect} 
methods which have been used. Many are only mot 
of basic forms; often the only differences of co! 
are with respect to the manner of application to t 
ture. Some gages can measure more than one 
phenomenon with no change in construction. Tho 
represent basic forms, or which describe particul 
cations which especially stimulate thought are, it 
least mentioned here. References, which make ava 
details of all these, are included, and a more deta 


i 
} 
] 
l 


ography is appended. 


Emplové comme 
1881, page 2506. 


(1) Anon. Condensateur 
Lumiere Electrique, Vol. 
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PART ONE 
t PRINCIPLES OF OPERATION 
CHAPTER I 
INTRODUCTION 
surements made in engineering test work depend 
type of specimen being tested and upon the type 


between the two only by the fact that a “strain 
ne which is not firmly attached to the’ specimen 
e entire period of the test. Throughout 
owever, the term “strain gage” will be used to 
any device used to measure strain, without re- 
ts manner of application. The term “extensometer” 
eserved to apply to those instruments which, by 
their construction, measure and average strain 
ve re than one gage line, and indicate the average 
e term “strain” will refer to a change in dimen- 
tomarily over a short base-length, and will be 

units of “inches per inch.” When referring to the 


these 

















xte n of a spring, or to the deflection of a member in 
ending, the term “deformation” will be used; this term is 
ils ed to describe a change in the shape of a body while 
ts volume remains constant. The term “movement” will be 
ised to describe the change in position of a point with 
eference to any fixed location. When discussing vibration, 
“acceleration,” ‘‘velocity,’ and ‘‘displacement” 

ised in the manner familiar to most engineers. It 
s recognized that these terms are not mutually exclusive; 
however, intelligible, and in their context should 
doubt as to the precise meaning intended. 


“ee 


ne erms 


lescribing those parts of the equipment which display 
preserve the measured data, instruments will be de 
scribed as either indicating or recording. In this context, 
dicating” will refer to those instruments which display 
visual examination the values measured, and ‘record- 
g” will refer to autographic methods. The term ‘‘meter” 
sometimes be used to refer to indicating instruments; 
ntegrating devices will be specifically so described. 
The three parameters in an electric circuit which af- 


fect the flow of current through that circuit are capacitance, 


A change in any one of these 


produce a change in the magnitude, or phase, or both, 


tance and resistance. 


f the current flowing through that or some associated cir- 
uit. It therefore would seem possible to utilize such 


hanges, if they could be produced by mechanical effects, 
is means for measuring such effects, and this has in fact 
All three have been made bases for gaging sys- 
which measure mechanical magnitudes. Historically, 
capacitance-type gage has been the most important, 
ulthough it is now used principally in pressure pick-ups o1 
n fixed or station-type gages. The inductance type has 
bably been the most useful one in the past; within its 


€€ aone, 


mitations it is still satisfactory. Gages of resistance types 
(Which can be extremely small and light and can have 
\ equency response) probably find the most varied 
| cations, 

There have also been developed gages whose gaging el 
ments employ still other electrical principles, gages which 
it electric telemetering circuits to transmit data taken 
i) hanical gaging elements, and gages based on what 
may be termed quasi-electrical principles. 

es for measuring and recording accelerations, veloc 

hes and displacements of continuously-vibrating parts by 
heans of generated electromotive forces are also available. 

such systems, however, whether the gaging eleme 

S hose resistance, inductance or capacitance is varied, 
a piezoelectric element is actuated by an applied 
whether some type of electrical transmitting sys 

ised in conjunction with a mechanical gage, some 
nt is involved. (There are a few exceptions to this, 

do not affect the classification.) If the measurs 
] me of strain, movement or displacement, the appli- 
( s direct. If the required measurement is one of 
] , load, velocity or acceleration, some mechanical 


must experience a strain or movement proportiona! 


ation desired. The terminology is not exact. We 
Mm pea train gages, and of extensometers, and usually we 


to the magnitude being measured. In other words, the me 
chanical application of the gaging element is as important 
as the selection of the gaging element itself. 

Electrical indicating and recording systems are now 
available with greater sensitivity and wider frequency re 
sponse than their mechanical adjuncts. In stability, abso- 
lute accuracy, and robustness, mechanical systems often 
surpass electrical systems. The designer must correlate 
the two to produce the most desirable combination possible. 

The pick-ups (and by this term is meant the strain gage 
head, or other device which is installed at the point of 
measurement and which serves to convert the mechanical 
movement into a change in an electrical system) may be 
extremely simple in construction, and those found most 
satisfactory in use have generally been the simplest. For 
static measurements, the auxiliary apparatus may not be 





OUTLINE OF “ELECTRIC GAGING METHODS” 
Part One—Principles of Operation. 
Chapter I. Introduction. 
Chapter II. General Principles. 
Chapter III. Capacitance-type Gages 
Chapter IV. Inductance 
Chapter V. Resistance-type Gages. 
Chapter VI. 


Part Two 


ype Gages. 


Miscellaneous Types of Gages. 

Auxiliary Circuits and Recording Devices. 
Chapter VII. Indicators and Recorders. 
Chapter VIII. Power-supply Equipment. 
Chapter IX. Computing Devices. 

Part Three—Operating Techniques. 
Chapter X. Methods of Application. 
Chapter XI. Calibrating Methods. 
Chapter XII. Errors in Actual Use. 


Individuals, companies and institutio ha ng mforma 
fion on little-known methods, or on novel and useful 
applications of well known methods are nvited te com 

unicate directly u the autho ny. ¢ Roberts, 108 
Tall Laborer J i bana, Tllir 











complex or expensive, but if the measurements are of 
dynamic effects the size, cost and complexity will be greatl) 
increased. Yet, for greatest utility of the data, dynamic 
measurements are often required. If dynamic phenomena 

especially inertia effects—are to be studied, continuous 
recording is frequently the only means by which the neces 
sary data can be obtained. Even if the tests are essentially 
static, but are made at many struc 
ture, it may be economical to provide some recording facil 
ity, to save time in operation and to minimize errors of 


points on a complex 


observation. For this type of recording, the equipment can 
be simpler and_ less than the continuously 
recording oscillographs which are necessary for true dy- 
The most adaptable equipment, of course, 


expensive 


namic testing. 
is of the continuously-recording type 

Extremely wide frequency response is required fo 
types of testing; it 


some 
may extend from static conditions to 
frequencies far above the audible range. Most engineering 
test work is handled with equipment which 
curately only those frequencies from zero to about 


cycles per second. This narrower range of frequency re 


indicates ac 


1,000 


sponse simplifies the equipment by a considerable factor; 
as a rule, equipment for the higher frequencies is installed 
only where specifically needed. The present state of the art 
is such that it often 
type of equipment for static measurements, another type 
for test work involving frequencies below 1,000 cycles per 


is more economical to purchase one 


second, and a third type for the higher frequencies. 


It may even be said that at electric yaging 


systems are in an uncoordinated condition; it is necessary 


present the 


to discuss the several types separately, and sometimes the 


categories necessarily overlap. This state of things com 
mon to all young arts o1 
normal development that 
complished. And it 
formation 


development proceeds. 


sciences; it is only through their 
satisfactory coordination is ac 
through dissemination of ir 


tnat 


is largely 





regarding methods orderly and efficient 
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CHAPTER II 
GENERAL PRINCIPLES 

The gaging methods herein described are most useful to 
the civil or structural engineer and the stress analyst. They 
are of use to others, principally because they can be ex- 
tended or combined with other devices, and thus can assume 
other tasks. But this treatment will deal only with the use 
of such gaging methods to measure the mechanical magni- 
tudes which are of interest to the engineer in his study of 
structures, and emphasis will be placed on those measure- 
ments which cannot be made with the gages ordinarily 
found in the laboratory. 

The magnitudes measured include strain, force, move- 
ment, and vibration and its components. More than one 
of these may be present at the point of measurement, and 
the gaging system must distinguish between them. Thermal 
expansion, for instance, must not be allowed to affect a 
measurement of strain caused by applied force. 

Measurements made upon laboratory specimens usually 
are made with instruments designed for the specific test 
being made. For example, the strain in a specimen in a 
standard tension test is often measured with a gage which 
measures the strain along two diametrically opposite gage 
lines, averages the two values, and indicates on a dial the 
average extension strain. This extensometer is attached 
to the specimen throughout the test, which requires only a 
few minutes. No temperature correction is needed. 

Specimens of irregular shape or size, or in inconvenient 
may not accept instruments, and 
in such instances, a portable strain gage is often used. Such 
gages employ mechanical leverages to provide magnifica- 
tion, and indicate upon a dial; ordinarily they are applied 
to the specimen by pressing the pointed feet of the gage 
into small holes drilled or punched at the proper locations. 
The difference between readings on successive applications 
of the gage is taken as a measure of the strain. If the 
test period covers sufficient time for temperature changes 
to affect either specimen or gage, an unstressed reference 
bar is used to determine the temperature strains. 

With the usual forms of portable strain gage, measure- 
ments may be made to an accuracy of perhaps 0.0002” with 
care. If the gage base-length is five inches, this will permit 
measurement of strain to 0.00004”, corresponding to a 
stress in steel of about 1,200 lbs./in.*. Greater sensitivity 
is obtained with gages of longer base lengths. 

Movements may be measured with virtually the same 
devices used for measuring strain, although usually the 
magnitudes being measured will be greater. 

Indication of position is another phase of measurement 
of movement. 

Direct measurement of stress is not ordinarily attempted; 
instead, it is common practice to evaluate the stress in a 
member by measurement of strain and by computation. 
Some gaging methods measure stress along perpendicular 
gage lines and provide values representing stress magni- 
tudes in fields of combined stress. 

Force can be measured in terms of the strain produced 
in a weighbar of known characteristics. This method is 
suited especially to measurement of rapidly-varying forces. 

Measurement of pressure, force per unit area, is 
commonly accomplished by measuring the displacement of a 
deformable diaphragm, capsule, or bellows. Any device 
capable of measuring small movements can be applied to 
measure pressures. 

The measurement vibration 
somewhat different aspect from the others listed, since the 
important aspect of vibration is its dynamic effect. A static 
condition of vibration can hardly be imagined. In equip- 
ment for vibration measurements, therefore, emphasis must 
be placed on ability to respond to dynamic effects. Often it 
is desirable to make available some type of analysis of the 
vibratory motion. This may involve frequency, amplitude, 
acceleration, or more than one of these. If the 
wave-form of the vibratory movement is known to be 
sinusoidal, it is sufficient to measure only the frequency 
and the root-mean-square value of amplitude. If the vi- 
bratory movement is non-repetitive, no matter what its 


or 


locations, such standard 


or 


or recording of presents a 


velocity , or 


Page 194—I nstruments—Vol. 17 


wave-form, recording is the only satisfactory 
procuring the data needed. Simplicity in equip: 
couraged by employing pick-up devices sensit 
component and introducing electrical integrato) 
ferentiators to evaluate the others. 

Measurements of vibration may be applied t 
two types of investigation: they may be used t 
the vibrational characteristics of structures or n 
order to correct or improve their performance, o 
be made upon stuctures caused to vibrate by 
ternal forces in order to determine the dynami 
istics of these structures. This second type of m¢ 
is often called dynamic testing. It is frequently 
buildings, to other large structures and to foun 

Temperature is commonly measured by therm 
expansive-metal or expansive-fluid thermomet: 
sistance thermometers, and by other means. 1 
are well established. 

In the transfer of testing methods from the 
where standard specimens are used to the fie 
complete structure is tested in service, several] 
the requirements of the measuring equipment b 
parent immediately. First and foremost in thi 
ments is the question of stability and reliability. 

In laboratory testing it is not uncommon to 
able several related measurements upon a test s 
that specimen requires more than the basic load a 
measurements. It is then possible to check the 
these measurements one against another. In fic 
the contrary condition is likely to obtain: there n 
too few measuring channels available, and it is ss 
measurements can be duplicated. It therefore 
that the instruments be reliable, that they maint 
-alibration and their accuracy under operating c 
and that their accuracy under those conditions | 

In field testing, several disturbing factors whic 
occur in the laboratory are usually present. Large a: 
changes in temperature, for example, are the ru 
than the exception. Vibration usually is present, 
of extreme severity. Atmospheric conditions cannot 
trolled, and the time for making the tests cannot 
be selected with regard to the most favorable c 
The measuring methods must therefore be unaff 
outside disturbances. 

Electric gaging systems are especially applicabl 
use, because of the ease of providing dynamic respo! 
remote-recording facilities. Their sensitivity can 
high, and even in field application their accuracy 
kept good; just how good depends principally upon t 
and care exercised. Dynamic recording and multicha 
eration serve to provide checks upon the operatior 


equipment. Of the several types of electric gages av: 


each has its particular advantages for certain app 
None is perfect. Experience is the best basis for 
of methods, but a fund of information concerning 
work is a substitute to some extent for experien 
Lord Kelvin used to tell his students, “Obtain a1 
ment, however rough, then endeavour to get a bett: 
is the philosophy followed by the men who deve 
methods described here; it is still a good one to f 


CHAPTER III 
METHODS BASED ON VARIATI 
OF CAPACITANCE 
PicK-Up DEVICES 


GAGING 


Gaging systems based upon variations of capacit 
among the oldest of the electric gaging methods, 
been applied to a wide variety of measurements. 

The 
Systems may 
these actions: 

1. Variation of capacitance by change in sepa 


gaging elements, or pick up devices, us¢ 


be based upon any one or comb 


any 


elements. 

2. Variation 
ments. 

3. Variation of capacitance by 
inductive capacity of a dielectric. 


of capacitance by change in 


change in the 








y ’ 
Ce! OD- 


 - 








of these has received the widest application. 
citance of a parallel-plate capacitor is directly 
ee al to the specific inductive capacity of the dielec- 


11 to the separation of the plates. It may be ex- 

thematically thus: 

C—0.2248 KA/d micromicrofarads 

epresents the capacitance in micromicrofarads, K 
inductive capacity of the dielectric (dimension- 

he effective area of the plates in square inches, 

and r separation in inches. 

i 4 plest type of capacitance pick-up is composed of 
el plates separated by an air space, and is at- 
the specimen in such a manner that the strain or 
being measured will cause a change in the dis- 

arating the two plates. Fig. 1 is a photograph of 
ck-up. The construction is clear from the photo- 
.e device is a steel member with one circular 
la tached near one end, but electrically insulated from 

e@ s men, and with another similar plate attached near 

end by brackets which place the flat surfaces of 











Fig. 1. Capacitance-type Weighbar. 
-All devices illustrated in Part One are from tt 
i 1 and constructed by hin 





e plates close together, and hold them concentric and 
arallel.* When the plates are adjusted to a spacing of 
025", a strain of 0.001 in./in. over the 5” base-length will 
ause a change in this spacing of 0.005”, and a change in 
pacitance of approximately 20 percent. Some eccentricity 
nay occur, but since the grounded plate is slightly larger 
than the insulated one, this will not affect the capacitance; 
f bending of the specimen occurs, the plates will no longer 
be parallel, but for small amounts of bending the device 
vill simply provide an average value. This unit has been 
ised as a weighbar for measuring varying loads up to 
10,000 Ibs. The electric circuit is insensitive to outside 
listurbances, and no shielding is used. 








The two-plate type of capacitance pick-up may be con- 
structed in mechanical forms suited to many different meas- 
irements. For measuring fluid pressure, one of the two 
plates may be replaced with a flexible diaphragm, to which 
the pressure is applied. The resultant deflection of the dia- 
phragm changes the spacing between the diaphragm and an 
nsulated electrode which is the other of the two plates of 
ne pick-up. Since during deflection the diaphragm does not 
emain plane and parallel to the stationary electrode, the 
relation stated above is not accurate. For small de- 
lections of the diaphragm, the capacitance change can be 
simated, but such pick-ups should be calibrated experi- 





ure pick-ups of this type will respond to the most 
ictuations of pressure; the limit of frequency re- 
s set by the natural frequency of the diaphragm. 
tural frequency can be made to approach 100,000 

second. By simple mechanical expedients, the pick- 
be so constructed as to make it possible to adjust 

vity by changing the separation of the plates 





nical construction of such pick-ups is not difficult, 
: 7 applied pressure is confined to one side of an im- 
} diaphragm while the insulating material, the 
; connections, and all adjustable elements 
} the other side 
" SS ee | ee Sad ee eee? EER mommy Pe Mane 
Simple paraliel-plate capacitance-type picK-u 
t tion of capacitance with separation follows the re 
1e 5 


nstruction of this device is shown in Fig. 31 





) the effective area of the plates, and is inversely 








lation plotted in Fig. 2A. For the pressure pick-up shown in 
Fig. 3, the variation of capacitance with applied pressure 
is according to the curve of Fig. 2B. In Fig. 2C is plotted 
the change in capacitance against the change in separation 
for the parallel-plate pick-up. The sensitivity of such a 
pick-up decreases as the spacing increases, while the lin- 
earity of its response is improved. 


A capacitance-type pressure pick-up is shown in Fig. 3A, 
and its construction is shown in Fig. 3B. The outer shell and 
the flexible diaphragm of the pick-up are made of steel, the 
insulating bushing is a ceramic product, and the other 
metallic parts are brass. The dimensions of the parts are 
so proportioned as to eliminate nearly all changes in the 
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Fig. 3A. Capacitance-type Pres- 
sure Pick-up Head. 


spacing of the electrodes due to thermal expansion of the 
parts of the pick-up; its calibration is good over a wide 
range of temperatures. When used to record cylinder pres 
sures in an internal-combustion engine, there is a steep 
thermal gradient along the length of the pick-up, and per- 
fect compensation becomes impossible. This shortcoming 
appears as a shift of zero point for the pick-up. 

The two-plate capacitance-type pick-up has several dis 
advantages. These are the worst ones: 

Change of sensitivity with change of plate spacing, 01 
non-linearity; 


Change 1n zero setting with chang‘ n temperature, 
zero ariit 

( ino In < TX tT ( i ? Te? r T r y? 
Ten ¢ at é é | 

r instabiilt 

; , 

Care li mec ( ce tnese 

4 modificatio vhic m} es the pressure pi 1} 
shown in Fig consists in replacing part of the 

nar hetwu + trod } mic I mY + 
space DEL e¢ Liie¢ CleCtl i€s liCad nis nprove f 
bustn : f the ljevice§ hy add oO ) lati q 
robustness of the device Dy adding insulation, the fre 


queney response by adding damping, and the linearity by 
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virtue of the electrical properties of the mica. If the entir« 


space were filled with mica, the change in capacitance 
versus change in electrode spacing 
would appear as in curve A of Fig. A 


1. If the space is filled with air, 
curve B describes the relation. But 
with proper proportions of the two, 
the straight-line response of curve 

C can be attained.- The sensitivity 

the high 
dielectric constant of the mica. 
Mica withstand the 
perienced when applied to internal- 

combustion engines. 

A gaging element of push-pull type, comprising three 
plates instead of two, so that one capacitance is increased 
as another is decreased, is free from several of the disad- 
vantages of the two-plate type. With it, the measurement 
is made in terms of the ratio of the two capacitances, and 
changes in their values are of little consequence so long as 
the ratio between them is not thereby changed. This action 
reduces or eliminates entirely from thermal ex- 
pansion of the parts of the pick-up, and of changes in any 
dielectric paterial. 

A push-pull pick-up may employ three plates, one moving 
between two fixed, or may employ four plates, arranged as 


is increased, because of 


heat ex v Y 


will 


errors 





in the pick-up in the photograph, Fig. 5. The two outer 
+ 

Fig. 5. Capacitance-type Push- 

pull Position Indicating Pick-up. 


plates are fixed and are grounded; they provide electrical 
shielding for the two inner insulated plates, which move asa 
unit between the fixed plates. Fig. 6 indicates the variation 
of capacitance ratio with position. This pick-up has been 
used as an indicator of balance for a beam-type testing 
machine. It has a plate separation of 0.25” and a usable 
range of 0.15” in either direction from its central position. 
By changing the spacing, this range can be made greate1 
or less. Other things being equal, the sensitivity is inversely 
proportional to the plate spacing. 

The push-pull principle is most easily applied to move- 
ment gages; it has had little application in pressure pick 
ups. 

The three pick-ups just described have been sensitive to 
movement; the measurements made with them were of 
strain, pressure, and position or displacement. Acceleration 
can be measured in a similar manner. If a mass 
pended by an elastic support, acceleration will displace the 
mass until the force due to the acceleration is balanced by 
the elastic reaction of the suspension. The displacement is 
then a measure of the applied acceleration. Accelerometers 
of this type have been applied especially to the study of 
earth movements and the acceleration of gravity.* One 
laboratory has used such a device, employing a single sus 
pended mass but three capacitance-type displacement pick- 
ups set mutually at right angles, to record the accelerations 
in the three coordinate axes simultaneously. 4 


is sus- 


Brookes-Smith and J. A. Colls. Measurement of 
leration and other Mechanical Quantities 
Journal of Scientific Instruments (Lon- 


(2) CK. EB. W. 
Movement, Acct 
Systems. 


Pressure, 
by Electrostatic 


don), Vol. 16, 1939, pages 361-366. 
(3) G, A. Irland. A Study of Some Seismometers. U. S. Bureau 
of Mines Technical Paper No. 556, 1934, 


(4) E. Sachsenberg and W. Osenberg. Neure Messverfahren 
fuer Werkzeugmaschinen. Zeitschrift Verein deutsche Ingenieure, 
Vol. 76, 1932, pages 262-268 
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In certain applications it is desirable to hav 
tance-type pick-up with a intrinsic 
instance, it may be necessary to adapt an exist 
circuit to the measurement of large displace: 
requirement is easily met with a variable-area pi: 


low 


sensit 


a pick-up may be an assembly of telescoping 
insulated one from the other: several inches 
ment (or feet) may then be measured 
displacements can be measured with a variable-: 
constructed on the principle of the ordinary 
variable capacitor. Care must be taken in desi, 
separati 


several 


pick-ups to insure that no change in 
yperation. 

Gaging systems in which the specific inductive 
the dielectric is varied by pressure or 
menon have had limited application. This effect 
small, and with some materials erratic. In indust 
the principle has been successfully applied to su 


some ot 


as continuously measuring the thickness of soft 
such as rubber, continuously measuring the m 
tent of paper, textiles, etc.° If power factor (pro; 
dielectric used as a criterion in addit 
pacitance, the method is more useful.® 


loss) is 


ELECTRIC CIRCUITS 
an electric circuit associat 
capacitance-type element is to 
capacitance into change in voltage, current 01 
and to indicate or record these changes. 

There are two general methods by which this 
can be accomplished. One utilizes the capacita 
an electrically resonant circuit 


function of 


gaging 


The 


convert 


gaging element in 
a change in this capacitance will cause a cha 
resonant frequency of the circuit and a ¢ 
change in either a frequency or a current. The o 
utilizes the gaging element as a reactance in a 

manner to control a 


+ 


cuit, or in some othe} 
Some methods are not easily placed in either of 
gories. 

The first circuit employing a capacitative gag 
for mechanical measurements was suggested by 
ton 8.9 in 1919 and 1920. In this system (called 
micrometer) two electrically oscillating circuits 
structed and coupled together. In one, the capacit 
frequency-determining circuit is provided by t 
element; the frequency of this 
upon this capacitance, according to the relation 


1 


resonant circu 


297 ( LG) 


In this formula, f represents frequency in cycles 
L inductance. in henries, and C capacitance in fa 
obvious that the frequency of oscillation of the « 
vary directly as does the capacitance. The othe 
adjusted to oscillate at a frequency equal to t 


first in its median position. Since the two ec 


coupled together, if the frequency of one chang 
note will be produced, and the pitch of this note 


(5) H. Olken. An Electronic Tool of Many Uses 
ment and Control. Instruments, Vol. May 1932, 1 
\16-A18. 

(6) Anon, Electronic Ice Indicator. Radio-Craft, \ 
page 332. 

(7) R. Whiddington. The Ultramicrometer an Aj 
the Thermionic Valve to the Measurement of Ver 
tances, Philosophical Vaagazine, series 6, Vol, 40, 192! 
639 

(8) Anon. The Ultramicrometer. Engineering (Lo! 
110, 1920, page 384 

(9) R. Whiddington, British Patent No, 214, 857. 














} 
| 


has appeared, al 


ating an indicating instrument. 


| utilizing the resonance principle and actu 


Some employ two resonant 


circults ; 


l 


one sucn 


is diagrammed it 


Fig. 10. 


A single ( 


lating electron tube is used, with one resonant circuit co! 


n its plate circuit, and another in the grid cir 


c 


S( 


ull; 


nected 
the two are inductively coupled together. The amplitude of 


oscillation depends largely upon how nearly alike the t 
circuits are tuned; if they differ slightly, a change 
tuning will produce a change in the plate current of the 
tube. When the adjustment is correctly made, an increas¢ 
In gage Capacitance will cause an increase in plate ¢ ent 
and a decrease in capacitance a decrease in current. The 


steady component of the plate current is balanced out (as 


previously explained) and some filtering introduced, t 


high oscillation frequency out of the indicating 


This circuit 


Keep the 


device. will operate either a pointe} 


ecator or a recording galvanometer. 
Still another form of this circuit, employing a single 


tuned-plate 
with a 
It prov ides 


as a tuned-grid 
voltmeter, 


Fig. 11, A 


electron tube 
oscillator vacuum-tube 
typical calibration curve in 
a large current output.15, 16 


multi-element 
and 


IS snown 


and B. 





ve the difference in frejuency, and of the change 
S ce of the gaging elernent. 
4 of this circuit is shown as Fig. 7. This is the 
: shed by Whiddington in 1920, but it can be 
vic : modern circuit components, and with it move- 
n ss than a millionth of an inch can be detected. 
amicrometer may be used in either of two ways. 
i as a null instrument, and is so used by placing 
‘ variable capacitor in the comparison oscillator 
: adjusting to zero beat. It may also be used by 
ie beat frequency (by comparison with a cal 
( lator) and computing the change in the capaci 
gaging element. The oscillation frequencies are 
‘ e order of 1,000,000 cycles per second) and the 
ot ; t is sensitive, but quite tedious in operation. 
ct of the difficulty of operation, the ultramicrom- 
ist ee has decided advantages for indicating the first 
UK of motion. By careful circuit design, the use of 
ft t ork to standardize operating frequencies, and the 
no 5 armonies of the oscillation frequency to reduce 
oO} t 1,” high sensitivity and stability can be attained 
dit eously. 19 
eration of the circuit has been simplified by subse- 
difications. In one of these!! a telephone receiver 
is a balance indicator and, because of its insensi- 
at t low frequencies, the circuit is adjusted so that 
“t nee the heterodyne note is 1000 cycles per second, 
rd lt frequency is compared to a standard separately 
0 ted 1000-cyecle note. In another, the audio note is 
S : conve 1 into an amplitude variation in a nearly-resonant 
ta ( ] 
cu A y modification of the device made the change in 
1a} of the oscillating circuit appear as an indicatior 
0 vanometer; this made it satisfactory as a deflec 
ot type instrument.!3.14 The operation of this circuit, 
a n Fig. 8, depends upon the fact that the average 
irrent of the oscillating tube varies as the ratio of 
rf 1 tance to capacitance in the tuned circuit is changed. 
A 
ed ( 
lits 
vit 
t 
cu 
n 
inge in anode current is small compared to t 
- de current, so that it is necessary to measure thi 
fa : e rather than the total current. To accomplish t 
oa stance R’ and the battery E’ are introduced, and si 
* connected that the normal anode current flowing throug 
4 anometer G is just balanced by the steady current 
‘ posite direction from the battery E’. Deflection of 
inometer then indicates change in anode current, 
‘ efore the magnitude of the effect being measured 
e of calibration curve provided by this circuit 
Fig. 9. 
cult has these advantages over the one of Fig. 7 
s tedious to operate, and it indicates the directio: 
01 ge as well as its magnitude. But it is not as sensi 
t it does not take as full advantage of the resonance 
\ tire series of closely related circuits of this type 
ng 
ote . 1. Note r I \pplication f the Whi I 
er. Journal of Scientific Inst ents (Lond 
; 81-84, 
, ; rungs and G Preunet Verfahren su Mess 
. tatzen ind Indukt n. I sikalische S 
\ SS PAS 13-54 
W. Loebe nd C. Samy n. Beobachtung ar I 
AD 4 r Draehte. Ze ha fuer Te sche Phus 
’ . 114-419, 
J. Dowling. T Recording Ult ( 
| ndon), Vol. 112, 1920, pag ) 
Lo ; e J. Dowling T! Re ling Ultrat t I 
4 \pplication, Philosophical Magazine, series ¢ 
: 81-100, 





Whenever resonant circuits are coupled together, ther 
is danger of self-synchronization, or “pulling-in.” This 
introduces errors, greatest near the point of normal syn 
chronization, which is just where such errors are most 

> ™ « |4 | 
troublesome. To avoid this danger, coupling 1s mad 
“loose.” In the early circuits, shielding and mechanical 
separation of circuit components were used. An improved 


rors from this 


circuit!* designed especially to minimize er 


source, is drawn as Fig. 12. It incorporates a separate ad 
ustable coupling coil, so that any desired degree of 
coupling can be arranged. The form of calibration curve 
btained is shown in Fig. 13; its symmetry indicates good 
adjustment of the circuit. 

The actual capacitance of a gaging element alone 


small (about 60 mmfd. for the pick-up shown in Fig. 1) 


hile the capacitance of the leads connecting it to the rest 
1 ( G I I rt C'lt } r 
) j tle PP? } 
» W , O r On t | 
| R ne ») i { 
J ’ - 
Hi. T \ ng 2 wit r 
5 | S é 1929 i 629 
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of the circuit may be several] times as large. The effective 


capacitance in the circuit is the sum of the two. The shunt 


ing effect of long leads greatly reduces the sensitivity of 


the gage circuit, and makes it necessary to provide great 
magnification of the observed effect. The resonance prin- 
ciple must be employed to the greatest possible advantage. 
A method by which the greatest possible sensitivity may 
be obtained makes use of the reactance of two 
circuits, inductively coupled to each other and to an excit- 
ing oscillator. The method is extremely sensitive, although 
limited in its range. Its principles are shown in the dia- 
gram, Fig. 14. A fixed-frequency oscillator is coupled into 
two resonant circuits; one contains the pick-up; the other 
is connected to a device which measures the voltage across 
it. If the coupling between these circuits is adjusted prop- 


resonant 





Automatic Weigher-sorter 


Does Work of 20 Men 


PEEDING UP the war effort in the 
precision lens field is this merry- 


must be 
being molded 


Small squares of optical glass, which 


accurately 
into 

placed on each balance as it passes the 
operator. The scales are set to weigh 
within one gram (= 





erly, a change in the capacitance of the gagi: 

will cause a proportional change in the resonant 

of its circuit; this change will be reflected in t} 

the coupled circuits as a change in the voltag 
across it.18 The shape of the curve describing th 
of reactance to change in resonant frequency is 

Fig. 15 A, and in Fig. 15 B the output voltage of 

is plotted against the change in C,. It is appare: 

sensitivity of the circuit is high, and the linear ra 
It is necessary to maintain accurate adjustm: 

circuit if the operation is to be satisfactory. 

A recent circuit, employing a novel principl 
in Fig. 16. The device was designed for measu 
thickness of insulating coatings, or for small 
in industrial conditions.19%, 2° It indicates on a cat 
oscilloscope or a pointer-type instrument. It 
frequency oscillator circuit in which the capacita 
element is made a part of the regenerative netw 
changes in its capacitance change the amplitude 
tion of the circuit. A disadvantage of the circuit 
for insulating both electrodes of the gaging « 
for providing shielding for them. 


(18) W D. Oliphant. New Method for Record 
Changes in Capacitance. Journal of Scientific Inst 
don), Vol. 14, 1937, pages 173-177. 

(19) W. Wilson. Applications of the Cathode-ray 


in Industry. Beama Journal, Vol. 49, 1942, pages 10-14 
(20) Elmer F. Hansen, Concentricity. General Ele 
Vol. 45, 1942, pages 615-616. 


ing one gram less than th 
one. A bin is provided to také 
weighing more than the max 
another for those below the 1 
There are thirty balances 01 
chine which makes two revo 
minutes, weighing and _ sortil 
pieces with each revolution. A 
operator does is to place a 
glass on each scale as it pa 
machine the 
piece by weight. 


does rest, sort 


Dry Electrolytics 
~ 1 . 
Standardized 
The American Standards As 
has announced the revision of 
dio war standard on Dry El! 
Capacitors (Home Receiver 
ment Type) (C16.7-1943—2nd 
which was first approved Fel 9g 
1948. The specifications cover the as { 
requirements applicable to di ect 
lytic capacitors suitable for use 4 





weighed before replacement parts in home 
lens blanks, are ceivers. The minimum perforn e Te Btin} 
quirements are designed to nis 
capacitors which will use as s al me 


0.035 ounce). At- amount of strategic materials 





go-round on ball bearings, carrying an 
endless procession of balance scales 
past a single operator, which does the 
work of twenty individual sorters and 
weighers in the glass plant of the 
Bausch & Lomb Optical Co. 
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tached to the pan of each scale is a 
trip lever which automatically dumps 
the glass into the proper bin. 

The heaviest pieces are tripped at 
the right of the operator, with each 
succeeding bin receiving blanks weigh- 


sible, will not restrict produc 
will prove satisfactory from 

trical and service-life standpo 
standard may be purchased f 
copy from the American St 
Ass’n, 29 W. 39th St., N. Y. 1 









y V. H. HIERMEIER, Brown 





il consider the title of this 
will be evident that several 
t subjects could be selected. 
sen, tonight, to talk about 
1ent man, his training, shop, 
the importance of his job. 










an Mente i that the duties of industrial 
er uency st? t men, in an oil refinery or 
nh the other of Lhe? t, will vary according to the 
sp oe oplic is, but one thing they must 
a ton By ha : knowledge of the equipment 
dare wn ing ad process. 
of t revit . a er 
aren} er When comparing today’s industrial 
r range chow fgnstruments against those of twenty- 
tment of +, (ive Years ago, it 1s evident that instru- 
~~ S* hee entation is a new field. There has 
iple en a rapid advance in machines and 
wii materials which has made the indus- 
ll m rial rument man’s job a tough one, 
a« ‘soon, gps 1 will attempt to bring out. 
it Let us go back to the end of World 
iton, Var I and see what we had in the way 
tw “8 industrial instruments and trained 
ide <oi}j,, (pustrument men to work on them in the 
Lit ' | refineries. I need not cite detailed 
elem tatistics, for you know that the pro- 
luction of ships, airplanes, tanks, and 
arious vehicles in World War I was 
. M mparatively small. We make nearly 
‘a 1 many airplanes in one month in this 
Ly untry as were used in the entire first 
0-14 World War. At the time we entered 
fect this war, automobile production was 
many times greater than it was 
twenty-five years ago. Along with the 
increase in the amount of machines 
he Preceding Bised, their efficiency has been continu- 
take Dla ously improved. A 60-octane gasoline 
, wuld have been considered an excel- 
he minimu t fuel for cars and planes. The 
8 On We! equipment required to make such a 
denen meses duct was large and bulky and 
sorting usually operated with several simple 
ion. All t emperature indications, along with a 


passes, 1 
sort 
tics 
d 
Ass t 
1 of Y 
El t 
er heplac 
md 
‘eb? 
er the Dasi¢ 
dry electri 
for e as 
e , r¢ 
ormance re 
to furnis! 
4s small] an 
lals pos 
luc and 
m elec- 
[po This 
| for 20¢ 4 
Standards 
18, N.Y 





pressures taken over the 
init. Today, we cannot operate without 
the use of entirely automatic control 
mperature, pressure, flow, and 
uid level. Instruments are doing a 
today’s refineries that would be 
to accomplish with human 
itors alone. 
What opportunities and what type of 
en did we have available, as an aver- 
age, to work on the few instruments in 


Tew spot 





ese plants? To begin with, there 
eren’t enough instruments usually to 
varrant one man spending full time to 
take care of them. Therefore, a man 


vith a flair for digging into something 
hat he knew nothing about was picked 


D s job. His other duties came 
irst, so this was considered as a 
tit ng job for him. Usually, it 

in’t matter much whether the instru- 
me} vorked right or whether it 


didn’t. The operators on the units were 


used to getting along without them, 
and, In most cases, placed little trust 


Here and there, an operator 


lelivered before the Chicago Society 
surement and Control, Monday, 
6, 1943, 





nstrument Maintenance in an Oil Refinery 


Instrument Co. Div., Minneapolis-Honeywell Regulator Co., Chicago, IIL. 


would be smart enough to see that if 
he could depend on the instrument, it 
would allow him more time to do some- 
thing else, or to rest. If the man who 
was given the job to tinker with the 
instruments was unable to place them 
in working order—even with the help 
of the operators and of anyone else 
who happened to be around to make 
suggestions — then the manufacturer’s 
representative would be called. There 
usually was a considerable delay, since 
the manufacturer’s representatives 
were seldom close at hand. 

Usually the instrument company 
would suggest that the instrument be 
returned to the factory for repairs, 
because it was such a mystifying piece 
of equipment that it could only be re- 
paired by trained men in their own 
laboratories. This would take consider- 
able time, but the instrument didn’t 
mean much in the minds of operators 
and management! Also, since there 
were few instruments in a plant, little 
thought was given to training a man 
to repair the instruments in the plant 
with minimum delay. 

Another thing: that discouraged the 
plant instrument man was the attitude 
or policy of most of the instrument 
companies. In most cases it was difficult 
for anyone interested in tinkering with 
instruments to get instruction books to 
find out something about them. Most 
of the instrument companies main- 
tained that it would be far better to 
call in one of their trained men or send 
the instrument to the factory. 

Occasionally, if you had cultivated 
the friendship of an instrument com- 
pany representative, you might be able 
to talk him into giving you small bits 
of literature on some of the instru- 
ments; but you were able to learn 
little from the mimeographed or print- 
ed matter then available to the manu- 
facturer’s own employees. 

A few years later, when a certain 
refinery heard that a competitor was 
able to produce a stable product, day 
after day, through the use of a flow- 
meter or temperature recorder, or per- 
haps a simple controller, then this 
company would try to do a little better. 
The next chapter in this brief history 
was that the increasing number of re- 
finery applications for instruments, 
with advances in refining, caused in- 
strument companies to set up _ pro- 
grams of research and development, 
until today we find that some of the 
largest research laboratories have con- 
tributed greatly to the winning of the 
war through wider use of instruments 
in the refineries. 

Let us now go back and see what 
happened to this instrument man who 
was doing part-time tinkering with a 
few instruments in the old refinery. As 
instruments were added to the process 
this part-time tinkerer found that he 
was up against a full-time job, espe- 


cially since his knowledge of the new 
equipment that was coming in was very 
vague. By this time instruction books 
were normally included with the in- 
strument equipment, but usually those 
instruction books were filed at the 
main office of the refinery by someone 

perhaps some engineer —who had 
nothing to do with the actual mainte- 
nance and repair of the equipment. By 
this time, also, there were more in- 
strument-company representatives and 
they began to feel that perhaps it would 
be better for them to assist the plant 
instrument man in his troubles and 
attempt to educate him a little so that 
he might look upon this particular 
make of equipment with a little more 
favor. It will also be remembered that, 
since the use of instruments had in- 
creased and since they seemed to have 
a future, other companies were becom- 
ing interested in this industrial market. 
Competition in any field of endeavor, 
in my opinion, seems to be the spark or 
push that causes all of us to strive to 
do bigger and better things. Competi- 
tion has given instrument users today 
a wide choice of equipment. Since we 
do not all think alike, nor react the 
same to any particular situation, de- 
mand for a wider selection of types 
and makes has progressed extensively. 
Today we have many large industrial 
instrument manufacturers. Still, none 
of them has the ideal instrument for 
every application, even though some of 
them may proclaim just that. 

Getting back to the instrument re 
pairman again: he has found that the 
job is too big for one man and he has 
taken on one or two helpers. He is now 
being supplied with a little more liter- 
ature because he does have a lever to 
use, namely the fact that he is using 
several makes and can tell one instru 


ment company that another instru- 
ment company supplies him with in- 
structive literature; whereupon the 


first instrument company tries to outdo 
the other instrument company. 

Only eight or nine years have passed 
since any of the oil refinery manage- 
ments began to give much thought or 
time to the education of qualified in- 


strument personnel to care for and 
protect the investment they have in 
such equipment. In _ several colleges 


throughout the country, just a little 
education has been included regarding 
industrial instrument equipment, but 
not nearly enough to allow a man to 
come from school and take a job in 
industry an instrument engineer. 
There was no source of supply for 
industry to secure trained instrument 
personnel. I am sorry to say that this 
condition still prevails today. It is true 
that there are a few trained instrument 
engineers in. the field today; they are, 
to my knowledge, men who have been 
trained or have trained themselves 
through a period of years that were 


as 
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very difficult. Many of these men were 
the part-time instrument men of twen- 
ty-flve years ago. 

production has 
all trained 
field of instrumen 
it prob- 


increased 
demand on 


Today’s 


' | 
placed a neavy 


Since the 


personnel, 


tation Is comparatively new, 


ably is one of the specialized trades 
where the demand for trained men 
cannot be met 

For the past few years, most of the 
larger instrument companies have 
maintained schools in their plants 
where any instrument-minded person 


could spend a few months. Since we all 
have to start somewhere in any field of 
this instrument 

good start for an 
man. A school of this kind is op- 
a particular instrument com- 
deals with instruments 
manufactured by that company only. 
The instrument man, after completing 
such a course, is fairly well-versed in 
this one manufacturer’s equipment, but 
he finds in most industrial plants today 
that there are other 
than those he studied. This may not be 
so difficult if the man has a good under- 
standing of the simple fundamentals 
and theory of measurement and control. 
If he is mechanically inclined, he may 
go from one make of instrument to 
another with little difficulty and be able 
to render service on the various types 


endeavor, schooling 


serves as a instru 
ment 
erated by 


pany and it 


types and makes 


and makes in the average oil refinery. 

Since the shortage of trained instru- 
ment acutely felt 
during this period of increased produc- 


mechanics has been 
tion, some of our engineering colleges 
; the 


classes in 


have finally seen need for college 
level industrial in- 
strument equipment. Some of them are 
setting up permanent training labora- 
that they will be able to 


industries with sufficiently 


training 


tories so 
supply ou 
instrument 
been able to 


trained engineers just as 
they have turn out 
trical and mechanical engineers, etc. 


elec- 


KNOWLEDGE OF PROCESSES 
Now that we have the man pretty 
well trained in the art of repairing 


the various types and makes of instru- 
ment equipment, we run into his second 
problem, which is just as important. 
This second problem is the operation 
which involves the application of the 
instrument to the process. It is true 
that while an instrument man is being 


the instru 
process) he 


trained in a plant (and 
ments are in on the 
actually gets some training with that 
is observing enough. Too 


use 


process if he 
many of the instrument men today lack 
that initiative and ability to learn 
about the process or application of the 
equipment and only concern themselves 
with the actual the in 
strument itself. Today we find more of 
this type of man than we find men who 
the and application 
along with the actual mechanics of the 
instruments. We see, then, that a good 
instrument engineer not only should be 
a good mechanic but also must have a 
good knowledge of the operation of the 


operation of 


master process 


various types of processes in a plant. 


It has often been said that a man can 


only be expected to excel in one field. 
It is true, however, that since the op- 
eration and the application of instru- 


ments on that operation are considered 
as one, then that will give this man his 
field. It is a broader field than a steam- 
fitter’s or a carpen- 
ter’s, but, in my estimation, a good in 
must master It. 


machinist’s or a 


strument enginee} 
I have had the pleasure of meeting, 


and in most cases knowing personally, 
the great majority of the instrument 
men in the Calumet Region where 
there are a half-dozen oil refineries. 
The Calumet Region with its oil re 
fineries, steel mills and other indus- 
tries—some of them small but in most 


part using industrial instrument equip- 
ment—employs several hundred instru 
ment mechanics. Out of that number 
of men I could pick out at least two 


dozen good industrial instrument en- 
gineers. In my mind, there are two 
kinds of men in this field—those who 


work on instruments and those who are 
instrument engineers. 


THE INSTRUMENT DEPARTMENT 

Let us go back now and look into the 
requirements of a well-equipped instru 
ment department. Up to a few years 
ago, and even now in some of the 
smaller plants, instrument men are al- 
lowed to run loose over the entire plant 
without the benefit of proper supervi- 
sion—at the dictates of department 
heads who are permitted to request 
their services. These men, in these 
smaller plants, share a shop or rather 
a place to keep their tools, along with 
some other maintenance group in that 





tu is m9 oN ae Ss 


“The installation is at the Copol- 
ymer Corporation, Baton Rouge, 
La. This plant is government-owned, 
and operated jointly by seven rub- 
ber companies. The product is the 
standardized Buna-S type of syn- 
thetic rubber made principally from 
Butadiene and Styrene. The instru- 
ments shown are only part of those 
in this completely Taylor-equipped 
reactor instrument control room. All 
of the operations in the reactor area 





Automatic Control of Synthetic Rubber Process 


are controlled from this room. This 
is the standard set-up in all of the 
synthetic rubber plants where this 
function is performed. The instru- 
ments shown are for recording and 
controlling temperature, pressure, 
and rate of flow. All of the instru- 
ments are equipped with pneumatic 
alarm systems, the colored lights for 
which are located directly above each 
instrument.”—W. W. Lockwood, 
Taylor Instrument Companies. 
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plant. They have no 


sper r at 
work on instruments and i 
are required to do most of 
ing on the job. It is ty 


plants in these times have 
instruments to enable the; 
while making 
instrument taken out 


replacement 
the 
there are times when it be 
Sary to remove an instrum: 
bring it to 


proper 


location and 
where the 


In the 
strument 


repalrs ¢; 
plants, s 
department 
with most of tl ~ 
testing equipment, workbs 
department, and so forth. It 
several departments in its: 


division, flo 


larger 
is. I 


equipped 


a pyrometer 
sion, clock-repairing divisi: 
sure testing and rep 


gage 


In some of the larger plant 





men stationed in these shi 

called inside men—thei1 

repair the equipment as it 

in to them by the field me: 
in these shops are usua 

men with more experience 

fords a very good opportur 

the new man. Where this 


partment is found, the insids 
their own thermocouples fo 
a large 


job when severa t » 


couples are used throughout 


The outside man is assigi 
nite territory in the pla 
responsible for the prope 
of the equipment in thi 


territory. This territory ma 
one particular type of ui 
units there is a_ sufficient 
instruments to 
man. After a while, this n 
come thoroughly familiar wit 
ticular equipment and operat 
unit. Thus he becomes very 
the operation of that 
the same time, this man 
good deal of other applicatior 
of other units throughout t 
It is customary, then, to 1 
men around from one 
other to give them overall tra 
experience throughout the ent 
so that they are able to do a 
wherever they may be sent. 
It is true that some compa! 
like this method of moving 
from place to place, but it 
found to be a definite advanta 
cailly in these times when 
called to our armed forces or f 
lucrative spots elsewhere. The 
are left must carry on and 
even more versatile than bef< 


warrant 





equ 


locati 


In several of the larger pla 
though the main instrument 
ment is more or less central! 
it is necessary for these indivi 
in various territories to 
cubby-hole shops from which t 
directly. These shops are usua 
of the unit to which they are 
They have enough room to tak« 
their tools, with a few charts a 
parts for the instrument equi} 
the unit. This, of course, sa‘ 
and, in most cases, saving tim 


set 





‘as 

















uptions in the production 


iment shop or department 
upervised with the proper 
ent, instrument library and 
is and parts to do a good 
first requirement for the 
maintenance of instrument 
n any plant. The instru- 
however, serves as another 
factor in the results obtained 
istrument equipment in the 


ILY MEETINGS DO GOOD 
ich man or group of men will 
the central shop most of the 
ill not have an opportunity to 
e rest of the men, the morn- 
evening meetings of these men 
central shop give them an op- 
y to talk over some of the more 
obs they have had the previ- 
or the same day; and at the 
me get a few pointers from the 
ive found it extremely profitable, 
in oil company’s viewpoint, to 
d fifteen-minute or twenty-minute 
s, both morning and evening, in 
central shop for these men. It is 
necessary to have them ruled by 
supervisor or even for the super- 
to sit in on them. It merely af- 


rds them a chance to talk. Of course, 


stories are told—and this goes to 
<e up a congenial atmosphere, which 
lesirable because when a congenial 
ationship exists among any group of 

better work and uninterrupted 
duction will be the result. This is 
only true of instrument men, it has 
n proven that it works equally well 


th any group of people, regardless 


ecupation—with groups of sales- 
executives, professors, bishops, 
fire Girls, admirals, office boys, or 
group whose members serve a com- 
purpose. If the supervisor of any 
up of men will stop to consider that 
nally they spend one-third of their 
under his supervision, then his 


pervision must create a congenial at- 


here. It is neither my intention nor 
luty to include personnel manage- 
nt in this talk tonight, but I can’t 
mentioning this particular angle 
1use sO many supervisors fail to 
nize it. 
NEED OF PLANNED TRAINING 
instrument supervisor is faced 
e problem of continually train- 
men, or at least furthering the 
g of the partly-trained men he 


nas. We have brought out this evening 
at Improvements are continuously be- 


ide on existing instrument equip- 
Therefore, it is necessary for 
in to keep up-to-date or be kept 
ate. The supervisor must do this 
f, since he is often called upon to 
iggestions regarding the type of 
ent required for certain appli- 
Even when he is not requested 
e these decisions, he will find 
partment made responsible for 
equipment sooner or later. 
my estimation, a_ well-laid-out 
¢ program should be a part of 


PRO GEES 
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the instrument supervisor’s duties. | 
think the first step should be to make 
up a chart of the men in the depart- 
ment. Next to each man’s name should 
be the amount of time he has spent in 
instrument work, then the amount of 
time he has spent in this plant’s in- 
strument department. Across the top 
of the chart should be listed the various 
types of equipment used in the plant. 
Some of these headings would be flow- 
meters, pyrometers, potentiometers, 
thermometers, pressure gages, control 
valves, clocks, electrical and mechani 
cal CO» meters, pH meters, combustion 
equipment, ete., and perhaps one col- 
umn headed “miscellaneous.” If we run 
horizontal lines from each man’s name 
and vertical lines from the types of in- 
struments involved, we end up with 
rows of “boxes” in which to insert the 
amount of time each man has spent 
with each type of instrument. [See ex- 
ample on this page. | 

To start this record, it will be neces- 
sary for the supervisor to test each 
man, especially the older ones, to de- 
termine what to fill in opposite each 
name. As an example, John Jones has 
passed a test that shows he has had 
sufficient training in flowmeters and po- 
tentiometers. The time that he has 
spent admittedly by himself in these 
two fields should be marked in months 
or years in the proper box. If, how- 
ever, he isn’t able to pass the required 
test, the time he has spent is still 
written in, but with a question mark o1 
some other symbol showing that this 
man is requested to complete further 
study along these lines. The vacant 
boxes will show that this man needs 
training in these particular brackets. 
Time schedules can be made up, where- 
by each man automatically comes up 
for his test in one or more brackets 
periodically. 

Since this chart is kept out in the 
open where all may view it, it will 
tend to cause each man to work harde1 
toward filling his boxes until he has a 
full row of qualifications opposite his 
name. As new men come in to the de- 
partment, it is up to the supervisor to 
guide each one in his selection of prope) 
training procedure, that is, to start him 
out with a simple type, or with the 
fundamentals of theory of instruments 
for the first few months. It is true that 
he will be working with. some of. the 
older men, preferably in the shop, and 
a lot of his questions that arise from 
reading can be answered by these men 
or by the supervisor. At this point I 
again call your attention to the im- 


portance of a suitable, complete, 
strument library, including books on in 
strumentation along with instrument 
companies’ literature on various types 
of instrument equipment. 

It may be advisable for the supe 
visor to keep an individual record of 
the advancement, background, training, 
ete., of each of his men. Personal notes 
may be made to his card file and, of 
course, kept more or less personal by 
the instrument department supervisor. 

With the chart that we have just 
discussed, along with the _ personal 
record on each man in the department, 
the supervisor knows just about at a 
glance how each of his men stands and 
how each is progressing. I cannot put 
enough emphasis on the necessity of an 
instrument man’s knowing the funda 
mental theory of instrumentation, be 
fore he gets too deep into the actual 
repairs of that equipment. You will find 
that a man starting out in this field 
will be more easily led through the 
simple theory and fundamentals of 
instrumentation if given that education 
before he has had a chance to do too 
much repairing or tinkering on the ac 
tual instrument itself. A mechanically 
minded person, if given the oppor 
tunity, will attempt to further his 
knowledge in repairs of the equipment 
rather than retrogress into the funda 
mental theory behind the development 
of the equipment with which he is faced 


ACTUAL EXAMPLE SHOWS VALUE OF 
KNOWLEDGE OF THEORY 


As mentioned before, so many of ou 
instrument men today have never had 
the opportunity, or at least have neve1 
taken the opportunity, to revert back 
into the fundamental theory of the 
equipment they have been working with 
for years. Therefore, their job is by fa 
much harder than if they had in thei 
minds a clear knowledge of the pri 
ciples and theory of this equipment 

Let me cite just one example of th 
It is common practice to fire a pipe stil] 
in an oil refinery by using a pressure 
loaded gas valve of the balanced typ: 
whereby the downstream pressure of 
the gas line is attached to the botton 
of a diaphragm and a loading pressur¢ 
from a temperature control instrument 
is set on the top of that diaphragm 
The temperature-sensitive element of 
the control instrument is located in the 
outlet oil of the still. If the load 
pressure from the temperature contro 
instrument remains the same and the 
pressure in that line changes because 
of other plant requirements on the gas 

(Continued on page 230) 
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The Constitution of Matter 
How Is The Universe Put Together and What Holds It Toge 
A Refresher for Instrument Men 


By S. R. WILLIAMS, Professor of Physics, Amherst College 


Sefore advancing to other subjects in Mechanics, such 
friction, gravity, etc., it 
would seem to be a logical step to digress and talk about 
the forces which hold matter together, as in solids and 
liquids, or why gases behave as they do. When we 
to the compression or the stretching of a piece of steel 
we are dealing with interatomic forces and some prelimi- 
nary survey should be had if we are to have a clear under- 


as elasticity, surface tension, 


come 


Fig. 1. Brownian Move- 
ments Apparatus. 


Courtesy Central Sci- 


entific Co.) 





standing of these mechanical phenomena. What holds the 
molecules or atoms together in a soap film? These are 
fundamental questions to a better understanding of some 
of the physical phenomena to be discussed. 
As we look out on the world in which we live, we are 
conscious that it is made up of at least three states of 
matter: solids, liquids and gases. Solids are known by their 





* 7 


Fig. 2. The Brownian movement cell in Fig. 1 is mounted 
under a microscope. The light from the electric lamp illuminates 
the smoke particles in the cell 


resistance to change in form, liquids by assuming the shape 
of the containing vessel and offering a free surface, while 
gases are recognized by their powers of indefinite ex- 
pansion. 

Our picture of a gas is of a large number of small par- 
ticles, darting hither and thither, with a great deal more 
space between the particles than is actually occupied by 
the particles themselves. In the expansion of the gas we 
simply mean that the space between the molecules in- 
creases. The actual volume of the gas particles changes 
little relatively. How do we arrive at this picture of a gas? 
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DEMONSTRATION OF THE BROWNIAN MOVE) 


show this ceaseless daz 
molecules of a gas is to look with a microsc 
small volume of gas in which smoke particles 
pended. While the molecules of the gas can 
with the microscope, the smoke particles can. Fi 
the little receptacle in which the smoke partick 
pended. Light a match and let it burn until it is ¢ 
then blow it out. Smoke arises for a second 01 
the burnt match which may be drawn into th: 
by means of the small rubber bulb attached. 
On focusing the microscope into the interior of 
receptacle, there will appear in the field of view 
ticles of smoke zigzagging here and there, as th 
were being pushed first in one direction and thi 
other. Fig. 2 shows the small receptacle in Fig 
under the objective of a microscope. A small le: 


The easiest way to 


Fig. 3. The path of one molecule is visualized wh 
others are held in their positions. Of course, all the m 
are in a state of ceaseless agitation. 


side of the receptacle concentrates the light from t 
L on the smoke particles. Fig. 3 will indicate a 
type of motion one observes. Furthermore, we obse! 
the smaller the particle the more it seems to be 
around, This follows from the idea that if the pa 
large it is just as liable to be bumped in one direct 
the other and so it appears not to be bumped at all, 
if the particle is tiny the probability is that if give 
on one side it won’t be opposed on the other and so 
to be pushed in that direction. If the smoke parti 
being pushed around we assume that the molecules 
gas are being disturbed even more. 

These Brownian movements have been photogra} 
movie cameras and can be shown to a large gr 
means of a film projector. To show by ordinary 
scopic projection is much more difficult because th 
intensity is cut down by the small aperture of the 
































g “refreshers” by Dr. Williams: 
“Metrology, the Science of Measurement.” 
“Principles of Mechanics.” 


dF “Vibratory Motion.” 


“Dynamics.” 

“Forces Involved in Curvilinear Motion.” 
rite to Instruments for back copies: papel 
| , ns prevented printing peace-time overruns. 

















Brownian 
the hood. 


Microscopic images of the 
a ground glass screen in 


rig } 
ected on 


movements are 





Fig. 5. 


Brownian movements in a liquid. 
bjective. For small groups the outfit shown in Fig. 4 
used fairly satisfactorily. Here the screen is a piece 
d glass about 16” square and all extraneous light 
excluded from around the viewing screen. 
claim that they can project finely ground particles 
suspended in water. In this case the receptacle 
ist be made up of a cell with parallel plate glass sides 
the light may be projected through the mixture. 
‘Nn any case it is not easy to project and the simple method 


escribed at the beginning is satisfactory for the individual 


fact that the Brownian movements of mica in water 
shown, suggests at once that even in water there 
space between the particles so that in the water 
liquids the particles may be bumped around as in 

gas it not to such a degree as in the gases. The par- 
e closer together and hence influence one another 
the particle once bumped doesn’t go as far in a 
1q ; in a gas, This can be verified by the method de- 
for observing the Brownian movement. See Fig. 5. 


The next question which confronts us is—Is there in 
terstitial space between the particles composing a solid? 
Is there any free space to be found in a solid like a piece 
of steel, for instance? If so, what the forces which 
hold the particles together? These are extremely important 


are 


Fig 6 Mercury can _ be 
sucked through the wooden 
stopper, showing that though 
it is a solid, it possesses the 


property of porosity. 





questions and could we answer them specifically we would 
clear up many problems which now trouble us about vari 
ous properties of matter in 

Is there free space between the particles making up a 
The fact that a tiny bit of musk placed in a 
room soon sends out an odor of musk to all parts of the 
room is some evidence of the fact that musk, a solid body, 
has particles which can escape. It the 
of divisibility. 


general. 


solid body ? 


possesses 
poss 


prope rty 


DEMONSTRATION OF FREE SPACE BETWEEN THE 
PARTICLES FORMING A SOLID BODY 
(a) In Fig. 6 is shown a bell jar J on a base and from 
this bell jar the air can be exhausted. At the top of the 


bell jar is a wooden stopper which fits closely into the bel 


jar with soft wax. This wooden stopper is turned out wit 
a small cup at the top in which mercury may be placed 
On exhausting the air from the jar, the excess pressure 
Ww 
¢ 

Fig This shows the cellular structure 


of wood as revealed under the microscope 


(Courtesy American Journal of Botany. 














top of the drives it through the wooden 
stopper and a rain of fine particles of mercury may be 
caught in a dish below the stopper. Fig. 7 
scopic study of the structure of wood and this confirms our 
idea of the porosity of solid matter like wood. 


on the mercury 


shows a micro 


Sq. I, 


Fibers. 


Sponsler. The Molecular Structure of the Cell Walls of 
American Journal of Botany, Vol. 15, 1928, 525-55 


pages 525-536 
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(c) Diffusion of a gas through a porous ja) 
jar, J, Fig. 9, is sealed on to the upper end of a 
The latter passes downward through a larg: 
which seals off a glass jar in which the po 
placed. Through the large stopper another o 
passed by which a gas like hydrogen (He) may 
into the glass jar so as to surround the poro 
' smaller hydrogen molecules pass through the 
inner jar more rapidly than those of air wit} 
so that a pressure is built up within the porou 
causes the gas to bubble out through the 
bottom of the tube. The inner jar is a solid, ne 





A rN exhibits porosity. 
. Porosity of matter gives rise to another gen: 
se of matter called compressibility. In fact, the con 
of matter argues for the property of porosity, 
pressibility we mean the bringing of the part 
substance closer together. 
We are all aware of the compressibility of 
we blow up a tire, but can a liquid or a solid be ¢ 
The answer is yes. 


DEMONSTRATION OF THE COMPRESSIBILITY 
GAS AND OF A LIQUID 


In Fig. 10 is a device known as a piezomet 
rugged glass cylinder closed at the top by a pis 
by a screw. A small funnel FR at the top and 
stopeock is used for filling the glass cylinder 





Fig. 8. Outfit for showing the porosity of leather 





> 











Fig. 9. Diffusion of a gas (He) through a 
porous jar, J 





piezometer for showing the compressibility 
The and liquids. P is a screw piston for producing a pressu 


(b) Fig. 8 is another similar device for showing porosity Fig. 10. A 
as a universal property of all states of matter. 
jar in Fig. 8 has a piece of leather clamped in tightly at 
the point p and which forms the bottom to a small cup in’ when all the parts have 
gadgets consist of a glass vessel A containing th: 
be compressed. The upper part of A is sealed on t 
lary, which in turn is bent downward in a curve 


been assembled _ insid 


which mercury may be placed. On exhausting the air be- 
low the leather, mercury begins to pour through in small 
droplets. 
Is steel porous? Back in 1661 there was performed by lower end dips in a small pool of mercury at the 
the academicians of Florence, Italy, an experiment in which the piezometer proper. Alongside of A is an inv 
a thin-walled hollow sphere of gold was filled with water. tube, B, sealed off at the top. Its lower end also d 
When the sphere was pressed between the jaws of a ma-- pool of mercury. When no pressure is on the 
chine the water was forced out through the pores of the rounding A and B the volume of the tube B is 
gold and stood like dew on the outside of the sphere. filled with air. Inasmuch as the volume of tube b 
Similar experiments have been tried with other metals and a thermometer is also inclosed, the pressur‘ 
and like results have been obtained. In the case of steel, to the piezometer may be determined by an app! 
gas can be forced through, showing that it also is porous. Boyle’s law. Furthermore, since the volume of 
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1 is known, and the volume of the capillary 
irked on its sides, it becomes possible to de- 
compressibility of the liquid in tube A. 
our arguments have gone to prove that solids, 
gases are composed of particles of matter, and 
is considerable between those particles 
ids. Our demonstrations have shown that these 
the case of gases and liquids are in a state 
- agitation (which we will later describe as ther- 
mn) and, therefore, assume that in the case of 
particles composing them are also in a state of 
ritation about fixed centers. In gases and liquids, 
es travel around from one point to another, that 
fuse. See Figs. 3 and 5, Although we think of 
es of a solid as simply oscillating about fixed 
now that 
; diffusion is going on slowly. Thus a clean surface 
of silver, when brought into contact with a simi- 
e of gold, will show in the process of time that 
have diffused into the block of gold and, 
sa, gold particles have traveled into the 
s could only happen for solid media possessing in 


space 


have good evidence to show even in 


irticles 
silver 


space. 

are other physical properties of solid matter, which 

earing upon this same problem of free space in 

iterials. The property of ductility is that property 

a solid can be drawn out into wire form. Allied 

this is the property of malleability which permits a solid 
e hammered into various forms without shattering. 

Finally, one property which physicists seldom talk about 

ess. AS a working definition, hardness is defined as 

resistance to permanent de 


sistance to penetration or 


— 
fe oo wail 
eb oe 

—— — ; 
ve a 
en 


























Fig. 11. The way in which the atoms of sodium and chlorine 
irranged in a salt crystal. 


‘formation. Hardness brings out more than any other prop- 
erty of solid matter that most interesting question, What 
nolds the particles of a solid together so that they resist 
being separated when penetration occurs? We say there are 
cohesive forees when the particles held together are aliké 
and adhesive forces when the particles are unlike. Thus a 


stamp and the glue by which it is attached is a case of 
adhesion. If we go no farther, cohesion and adhesion are 
simply words for covering up our ignorance of the forces 
wl hold solid matter together. 

H er, we seem to be at the threshold of a large field 


tigation which is going to throw much light on this 
Pauling’s book on the Nature of the Chemical 


Bor an example in which we become more specific and 


re electrostatic bonds, covalent bonds and metallic 
the forces which hold things together. Fajans 
m es the electrostatic bonds as the principal ones if 
ne es into account the distribution of ions and the 
nu terms of movements of the ions. To say, however, 
ust these chemical bonds play into the measurement 
I ness is going quite beyond our present knowledge 
matters. 


Modern X-ray analysis has helped greatly in a better 
understanding of these forces which hold things together. 
Most solid matter is crystalline in its structure and it is t 
X-ray analysis that we how the 
particles are arranged. Thus in Fig. 11 is shown the 
the sodium and chlorine atoms are arranged 
ordinary table salt. The white spheres may 
sodium atoms and the black spheres the chlorine. In th 


model we 


owe our knowledge of 
Way 


na crystal of 
represent the 


being the 
which are held together as we will in all crystalline 
tures. In the illustration shown in Fig. 11, the atoms are 
arranged in a cubic formation and the idea of a molecule of 
NaCl in the solid form has no meaning 
say what sodium atom goes with a certain chlorine atom. 
In the sodium chloride crystal with its atomic arrangement 
as shown in Fig. 11 it is 

Na*, and 
attracted to 


are speaking of atoms as particles 


struc 


because we can’t 


tT ? 


composed of sodium eat 


chlorine anions, Cl-, each of which is strongh 


and held by the six oppositely-charged io 





itoms of carbon are 


Fig. 12. The way in which the 
in a diamond 


which surround it octahedrally. The interactions in a crys 
tal of salt may be described by saying that each ion forms 
ionic bonds with its six neighbors, these bonds combining 
all of the ions in the crystal into one giant molecule. 

The diamond is the hardest of all substances. Why is it 
so hard? Because of the powerful covalent bonds existing 
between the atoms of carbon composing the diamond. This 
type of bond involves the sharing of a pair of electrons by 
the two bonded atoms. Fig. 12 shows the arrangement of 
the atom of carbon in a diamond crystal. Diamond is hard 
or resists penetration because of these covalent bonds and, 
since these forces follow the inverse square law, the short 
distances between centers of the small carbon 
to the effectiveness of these covalent bonds. 


atoms add 


When we come to the metallic bonds we have quite a 
different case. Here we have great mobility to the bonding 
electrons. Take copper for example; the one valence electron 
must be first on of the atom and then on the 
other—pulsating, as it were, between atoms. These mobile 
electrons are, of course, what make copper, silver, gold, 
such good conductors of electricity and heat; but wit] 
high mobility there can be no great rigidity of formation. 
These 1oted for their plasticity, 
ability and ductility. 

When we 
be greatly interested in the ferromagnetic bodies like iron, 
nickel, cobalt and their alloys. 


one side 


etc., 
such 
malle 


substances are 


come to magnetic properties later on we shall 


(Continued on page 22 
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ELECTRON TUBES —Their Principles and 
Their Instrumentation Applications 


By ANDREW W. KRAMER, Managing Editor, Power Plant Engineering, Chicago, III. 


CHAPTER XIII 
PRINCIPLES AND CHARACTERISTICS 
OF THE TETRODE 


Now that a few facts about the principle of neutralization 
of amplifier circuits have been explained, we can return to 
a consideration of the screen-grid tube. The principle of 
neutralization has been described because a knowledge of 
this principle helps in obtaining a better understanding of 
the function of the screen-grid tube. This method of ap- 
proach is also better from a chronological standpoint since 
the screen-grid tube did not come into general use until 
some time after neutralized amplifiers had been used to a 
considerable extent. 

Several factors contributed to the development of the 
screen-grid tube. These may be set forth as follows: 

1. The limitation which prevents the effective use of the 
triode as an amplifier at extremely high frequencies is the 


THE 








asa 


Fig. 86. Diagrammatic 
representation of the 
screen grid tube. 


inter-electrode capacitance of the tube. Simply, this means 
that the tube acts as a capacitor which couples the output 
to the input side of the circuit. 

2. To overcome this limitation, neutralizing circuits were 
developed which, in effect, neutralize the capacitance of the 
tube, thus permitting stable amplifier operation even at 
high frequencies. 

3. The neutralized amplifier, despite its advantages over 
un-neutralized circuits, obviously, is a makeshift affair and 
it was clearly apparent from the beginning that if a tube 
could be developed which would exhibit no capacity effect, 
neutralization would be unnecessary and circuits would be 
much simpler. This tube is the screen-grid tube. 

Suppose that in an ordinary triode a second grid, made 
in the form of an electrostatic shield, is placed between the 
control grid and the plate as shown in Fig. 86, and suppose 
further that this second grid is grounded. Since this second 
grid entirely surrounds the plate it forms an “electrostatic 
shield” around the plate and prevents any fluctuation of 
plate potential from affecting the grid; in other words, it 
practically eliminates the capacity effect between the grid 
and the plate. It does not, however, prevent electrons from 
the cathode and under control of the control grid from 
reaching the plate. In practice the “screen” grid is not 
grounded directly as shown in Fig. 86, but this serves to 
illustrate the principle involved. 

Quite obviously, it is not practical to entirely shield the 
plate by a screen of this kind since that would prevent the 
input voltage from reappearing in the plate circuit, but the 
screen can usually be made to reduce the capacity effect to 
a very low value—essentially to zero as far as “feed-back” 
is concerned. In triodes with grid plate capacitances of 2 to 
8 mmf. the addition of the screen grid will result in capaci- 
tances of 0.1 to as low as 0.003 mmf. 

The mechanical construction of the screen grid varies 
with different types of tubes. In the early tubes the screen 
grid consisted of two helical grids close to the plate, one 
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inside and the other outside the plate and co) 
gether. In later tubes in some instances the outer ; 
dispensed with. Such tubes as generally used 
surrounded by a metal can which is grounded 
prevents fluctuations of the plate voltage fron 
the input circuit of the tube. A diagram of a s 
tube in which the plate is entirely surrounded by + 
is shown in Fig. 87. 

The screen grid is usually maintained at a posit 
tial somewhat lower than the plate potential by con: 
to a suitable point on the power supply, as show 
88. It is therefore not at ground potential so far as 
current is concerned but a by-pass capacitor is usu 
nected across the screen grid and ground connecti: 
the screen is at ground potential insofar as the 
quency current is concerned. If the capacitance 
pass capacitor C in Fig. 88 is, say, of the order of 
farad, the impedance between screen and ground 
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less than 4% of one ohm; it is evident, therefore, t] 
such a low impedance to ground the screen potenti 
not fluctuate with respect to ground. The screen-g1 
tial is usually about one-third less than that on t 
Since the effect of the screen grid is to neutra 


capacity effect of the tube, it is evident that no neut 
zation is required in an amplifier circuit using scre¢ 
tubes. The circuits, therefore, are much simpler ar 


more suitable for operation over a wide frequency 

While the neutralizing effect of the screen 2 
primary importance in high-frequency amplifier 
the screen grid exhibits another property which is 


or perhaps even greater importance. By shielding the 
from the cathode, it makes the plate voltage mu 
effective in attracting electrons from the cathode » 


impairing the ability of the control grid in this 
Consequently the grid is much more effective in cl 


the plate current than is the plate and, as a result 
amplification factor of the screen-grid tube is high. B) 


same token its plate resistance is also high. Thes« 
amplification factor and plate resistance, are discu 


a later chapter but it may be said here that these } 


ties, high amplification factor and high plate res 
are desirable in any tube; hence, the screen-grid 
doubly effective. 

From the foregoing it might be inferred that th: 
duction of the screen-grid into the electron tube, by 
nating the troubles due to feed-back, at once rem 
limitations in the use of tubes as amplifiers. In t 
stance, however, as in many other cases of a simila 
the solution of one problem introduces others of a d 
character. The extra grid, while a valuable ally 
pressing feed-back, is not entirely free from ent: 
alliances in other matters. Since the screen-grid is 
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; positive potential, it attracts electrons and that closely resembles the process of ionization described in 
NG ale certain conditions, causes difficulties. an earlier chapter.* The high-speed electrons from the 
0 y, the electrons emitted by the cathode are cathode act as projectiles and their impact upon the ma- 
toward the plate, just as in the simple triode. terial of which the plate is made is such that free electrons 
ej speed through the control grid and into the region and electrons belonging to atoms of the plate material are 
of t tive screen grid. By this time they usually have smashed out of the plate. If the speed of the primary 
sufficient velocity to enable them to rush on _ electrons is low, only one secondary electron may be driven 

ie screen grid field to the plate. The action of out of the plate, but if the speed is higher, two, three, or 





con! 1 to- Bthe « | grid is exactly as it is in the triode. Most of even more secondary electrons may be released with each 
RY § was the ) ons which the screen grid attracts pass through impact. 
ed 1 are ts n ; and go on to the plate which is more positive, From this it is evident why the plate current actually 
ded this Bo t hile the screen grid serves as an almost perfect reverses under certain ratios of screen grid to plate volt- 
rom ng # olect tic shield it intercepts only a relatively small ages. This action of secondary emission is of course also 
a Si grid Bf port f the total electron flow. present in ordinary triodes, but in triodes the secondary 
by t ree] At tain times, however, under a-c. operation, the plate electrons are all drawn back into the plate. In the screen- 
not may be reduced to a value lower than that of grid tube, however, they can either go to the screen grid 
osit tel the screen and then the electrons would not go on to the’ or to the plate and if the potential of the former happens 


Connecting it J plate, but would stop at the screen, or having once got to be higher or at approximately the same potential as the 
how! Fig, Bf past screen and close to the plate, they would turn plate they will go to the screen. Only by making the plate 
ras the plate Bapout and return to the more positive screen. Further- potential sufficiently higher than the screen potential can 































































































usually con- Bmore, if an electron impinges upon the plate with suffi- all of the secondary electrons be recaptured by the plate. 
ction so that Bi cjent velocity to knock another electron out of the plate, Although the characteristics of the screen-grid tube, as 
the high-fre- as is often the case, this electron will be drawn into the shown by Fig. 89, appear rather complicated as compared 
"€ OF the by- Bscreen. This “splashing” out of electrons from the plate, to the characteristics of a triode, they depend upon a rela 
shies ert by the impact of high-speed primary electrons, is known 
mane wil be CONTROL GRID VOLTAGE =0 
SCREEN GRID VOLTAGE = 63 
| | ai | 
i i ae 
SHIELD GRID TOTAL SPACE CURRENT I, +! 
aural 6 = T 1 
| | re CUE 
( . = a a oe 
ne ar ngement = | | | | 
N Brid cube, In CONTROL a “REGION WHERE PLATE 7 REGION WHERE PLATE 
the screen com GRID G os LOSES SECONDARY] / | GAINS SECONDARY ELEC- 
urrounds the © 4|ELECTRONS TO , _\f | TRONS FROM SCREEN} 1 
q = & [SCREEN GRIO v oe l HO’, 
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Z 2 | t Se 
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Fig. 88. The screen grid is usually operated at a positive poten- P | | 























tial, slightly lower than the plate potential, by connecting it to 
° 2¢ 40 60 80 100 [20 (40 160 180 200 





e, that witl in intermediate point on the plate supply. 
deamkial « PLATE VOLTAGE 
-e rid ty iS secondary emission. When the plate is at the same or Fig. 89. Typical plate current characteristic of a screen grid tube 
nm the plat igher potential than the screen such secondary electrons — — . . 
: i ee tively small number of factors. The primary electrons 
utralize the ire drawn back into the plate, but if the plate is at a oe ; ; : ae ee 
a ‘ ‘ , travel in substantially straight lines away from the cathode 
no neutra wer potential than the screen all of the secondary elec- iil eteatene dintlh lund: thai hes th A aki dilaon. olla 
— - ant eretore ( 1ae ; e] > screen grid an¢ ne iate 
screen-grid [trons (and there will be countless millions of them) will ° ; J 
Weksees, dic Wines ‘seaibiaden in proportion to the projected areas of the screen grid and 
>y and aré e draw! > screen. nd : . ; 
nssaliies ; es : , j ? plate structures. The result is that for any particular 
icy rangé The net result of this action is to produce a current from ; : : 
. , 4] } nag 4 tube each electrode will always receive the same fraction 
grid is of he plate to the screen. This entirely changes the charac- ; : . : > 4) ear" e 
ier circui teristics of the screen-grid tube as compared with the of the primary electrons irrespective of the cathode voltage 
fa sey ac a ae ore sl Rie or the total space current. The number of primary elec 
is of equi usual triode. Referring to Fig. 89, which is the character- trons received by an electrode, therefore, is proportional to 
ig the plate stic curve of a typical screen-grid tube with zero control the parte: nace ee nt vee ae ae es = 
Fe A ae » total space ‘rent. 
much less grid voltage and a constant screen grid potential of 83 Th ee REE ERE ee ee Ea 
> - se < 1e I S -e nN ne 
»de without volts, it will be noted that at plate potentials appreciably 2 ee a : mn wien sa 
his fs yer than the eereen arid voltage the plate current actu J screen grid (for secondary electrons are also produced by 
S respect UWe Uné P § % y é 1 ate frre < al- . ° - 
ae In the = "sare a 0 to . ar a gg a impact of primary electrons on the grid) and at the plate 
n changing y reverses. 2 regi ge é "Ox ately r, ‘ ‘ : 
| vines t th the plate current ra with an Perio in plate volt age is proportional to the number of primary electrons re 
‘ch, By th Ine net: Che what ms Ita fu thine. 3 “ Its j ceived by the electrode and also, roughly, to the electrode 
ign, by we ANCreasing e vo “4 rther, however, results in ‘ . aa i 
“ “ arn A a ye :¢ i BA te OG t] potential. The subsequent flow of these secondary electrons 
1es rms, 4 decrease jlate current and from about 30 to 70 v. the’. . . : : 
te args plate cnsrent heaton escretone The aed Sint inal is then determined by the screen-grid and plate potentials. 
sem a . Peace b t ea: 0 q 10 v egy lige t} When the screen grid is appreciably more positive than 
ese proper- —— Slope of y Ww I volts is < o the 2 
ai eaguen tale 7 the plate, practically all of the secondary electrons pro- 


resistance, JB fact that at these low plz otentials the electrons are , . : 
ia rage * able ts aenel " - Sseogas apm Is t , 7 “a duced will be drawn to the screen grid. When the plate is 
T1¢ | ne is 4il¢ e { c s s Ss oO arv e S- en . 
- sion from Rn wie "eee “ ner ne somes renal more positive than the screen grid, however, only a part 
a 4 i a y D Oo Ss, : i ° 
P a en Gere ren of the secondary electrons produced at the screen grid are 


ee 1 + a 3 ° aie 
s ef eh ieee Ss, there is secondary paige ee and me drawn to the plate. This is due to the fact that most of 
i ~ all plate a i electrons to the screen. Beyond 83 volts, the the screen-grid secondary electrons are produced on the 
ewes Psst & higher potential than the sereen and as 2S" side of the screen grid that is away from the plate and s 
ilar nature, F ¢lectrons as the plate voltage increases. In the region where o ~ gg ; ‘— — ve oie sagen - eer — we a 
a different [the plate c ti ie tei: ieciheiniiens altiaineiady Chibh screen grid. When the plate is the most positive electrode 
zs we reac . rr oe, Loe S P ry : it is, therefore, able to attract only a portion of the sec- 
lly i up : . the plate, more than one secondary electron is lost ondary electrons from the screen grid, this proportion be- 
entangling JF to creen grid. Sane: 
d is main The process of secondary emission at the plate is one *Chapter VI, Oct. 1943 Instruments. 
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Fig. 90. Circuit diagram for determining the volt-ampere charac 
teristics of a four-electrode or screen grid tube. 


P Grid circuit potentiometer (2500 ohms, 0.3 amp.) 

B, Grid battery (60 vy.) 

Eg — Grid voltmeter (0 to 50 y. d.c.) 

Er Filament voltmeter (0 to 10 v. a.c.) 

Xe Filament rheostat (6 ohms, 5 amp.) 

I, Plate ammeter (0 to 100 ma., d.c.) 

B, Plate battery (0 to 400 vy.) 

P; Plate circuit potential-dividing resistor (6400 ohms 
0.3 amp.) 

Ey Plate voltmeter (0 to 500 v., d.c.) 

I Screen-grid ammeter (0 to 10 ma., d.c.) 

I Screen-grid voltmeter (0 to 250 v., d.c.) 

I Screen-grid battery (0 to 180 y.) 

P Potential-dividing resistor (2500 ohms, 0.3 amp.) 


coming larger as the potential of the plate with respect to 
the screen grid is increased. The results of these factors 
are (1) that with given screen-grid and plate potentials 
the ratio which the current received by either electrode 
bears to the total space current is roughly constant irre 
spective of the total space current, but (2) that the fraction 
of the total space current received in any particular case 
depends greatly upon the relative (and also the absolute) 
electrode potentials. 

These relations need not necessarily be remembered but 
a knowledge of them will aid in forming a clear concept 
of the action of the screen-grid tube. 

As in the case of the triode, a comparatively simple cir- 
cuit may be set up for studying and determining the char- 
acteristics of the screen-grid tube directly. Such a circuit 
is shown in Fig. 90. This circuit, as will be seen, contains 
all the necessary batteries, voltage-dividing resistors and 
indicators for varying and measuring the potentials and 
currents in the circuit under various conditions. The fila- 
ment is supplied with alternating current through a small 
step-down transformer. Three batteries are provided: B 
for applying voltage to the control grid; B, for applying 
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Fig. 91. Plate current curves of an ordinary screen gric 


the plate. The voltage from each of these batt 
trolled by voltage-dividing resistors. For any 
tube, the filament voltage should be held consta 

3y means of such a circuit it is possible t 
series of curves such as shown in Fig. 91: th 
rent curves under various conditions of contro] 
but with a constant screen grid voltage. Anot 
curves can be obtained by varying the screed grid 
voltages. Such a family of curves is shown 
These appear complicated but when examined wi 
only little more complicated than a family of 
an ordinary triode. They are presented here not 
to be studied as to familiarize the reader wit] 
pearance, so that if he ever finds it necessary to 
the suitability of certain tubes for certain purposi 
not be discouraged by the formidable appearan 
tubes and of the tube curves. 

Fundamentally, it will be obvious, the addit 
screen grid does not alter the triode’s primary f 


that of amplification. The screen-grid tube is a 
just as is the triode but with certain limitat 
triode removed. The phenomenon of secondary 
it is true, introduces new difficulties—at least w 
tain conditions of voltage—but these can be antici 
in some cases it has actually been put to good us: 
next chapter we shall see how even the wasted pa 
screen-grid tube characteristic can be reclaimed. 


*For detailed directions in setting up this circuit 
the necessary measurements, the reader is referred 
mental Electronics,” a booklet of laboratory experiment 


tron-tube theory published by the General Electric C: 
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over a wide range of screen and plate voltages. 
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itself. 








CHAPTER XIV 
= ENTODE. THE PRINCIPLE OF THE 
SUPPRESSOR GRID 
\ the order of increasing complexity in our study 
s the pentode or five-element tube. Many five- 
mbinations are possible but the only one that is 














: appreciable extent is the cathode-grid (or sup- 
id) pentode, developed to overcome the secondary 
TE T] el effect of the tetrode. This is a tube with three 
: | ird grid is placed between the screen grid and the 
+ , indicated in Fig. 93 and its function is to prevent 
+ I the ndary electrons from reaching the screen grid. It 
5 fore, called the suppressor grid. It is connected 
ve to the cathode or to a point of zero potential and 
00 o e¢ 1f its low potential repels the relatively-low-velocity 
i a st y electrons back into the plate without appreciably 
ing the primary electrons speeding from the cath- 
the plate. As a consequence, with a tube of this 
LS 
\ 
ta 
{ 
i¢ 
9 PATH_ OF PRIMARY 
Ag cick 3 ELECTRON 
1? 
vil 
Ea 
eal PRIMARY 
th 
Lo vd 
Ose I 94. Diagram showing the principle of secondary emission 
High-speed primary electrons impinge upon the plate with such 


ant I t force as to dislodge electrons from atoms of the plate material and 
knock them out into space. Here, two primary electrons produce 
five secondary electrons. The number of secondary electrons pro- 


Ito} ( duced is dependent upon the speed (and therefore the energy) of 
yr funct the primary electrons. 
ana 
ons , nd the so-called negative-resistance region* of the screen- 
y | : grid tetrode is eliminated. This tube has approximately the 
“under « characteristics of the screen-grid tube without its limiting 
icipate features. Large undistorted power outputs can be secured 
use. In t from the pentode. The connection between the suppressor 
part of t grid and the cathode is usually permanently made within 
. he tube structure. 
The prineiple of secondary emission is illustrated in Fig. 
'4 and its action in the three types of tubes (the triode, 
t the tetrode and the pentode) in Figs. 95, 96 and 97. Second 
er 


emission is the result of impact of high-velocity elec- 
s or ions with the atoms and electrons of a solid body 
such as the plate of an electron tube. The speed with which 
mpinging electron must strike the metallic surface to 
get secondary emission depends upon the material and the 
tion of the surface of the anode. Thus, tungsten with 
surface requires the speed acquired by an electron 
ialling through 180 volts before another electron is splashed 
it if there is a layer of gas covering the tungsten 
(adsorbed gas) secondary electrons may be given off by 
pact of an electron falling through only 30 volts. At 
iratively low velocities of the impinging electron only 
ectron may be splashed out of the anode but as the 
velocity increases, more than one may result. In extreme 
ces aS many as a dozen may be splashed out. 

e absence of other influences, such secondary elec 
will at once re-enter the surface from which they have 
emitted, particularly if they are projected into the 

of a negative field such as that of a negatively- 

d control grid. This is shown in Fig. 95. Here an 
static field exists between the control grid and the 

is indicated by the (dotted) lines of force. 

wever, a positively charged grid such as the screen 
{ Fig. 96 is placed between the plate and the control 


o 
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a 
° 
: 
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ANODE 





yee 

disp be C part of the plate current characteristic where the plate 
= he lecreases with an increase in plate voltage or in gener 
hin ub tion of the curve where the plate potential is less thar 


n grid potential. 





grid, some of the lines of force from the control grid, in 
stead of terminating on the plate, will terminate on the 
screen grid since that is at positive potential with respect 
to the control grid. As will be noted, this removes (so to 
speak) some of the lines of force from the space adjacent 
to the plate. Hence secondary electrons are not driven back 
tc the plate so quickly and if they come too near the screen, 
they will be attracted to the screen and absorbed in it. 
Thus, the presence of the screen grid results in an electron 
current away from the plate. 224) 


(Continued on page 
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Fig. 95. Secondary emission in a triode. In a triode the secondary 
electrons are driven back into the plate by the negative charge on 
the control grid. 
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Fig. 96. Secondary emission in a screen grid tube. In the screen 
grid tube, the positively charged screen grid neutralizes a part of 
the negative influence of the control grid, thus attracting the sec 
ondary electrons originating at the plate 
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Fig. 97. In the pentode a suppressor grid is introduced between the 
screen grid and the plate. When this suppressor is connected to a 
point of zero potential with respect to the cathode, this grid sup 
presses the influence of the screen grid by re-establishing a negative 
neld close to the plate 
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Synchronous Tac Tester 


By M. J. WIGGINS (A.M.M. 1e1, USNR) Vero Beach, Fla. 


HIS little gadget has proved a time saver in checking 
synchronous tachometer installations. Its purpose is 
to check the electrical condition of the generator, 
leads and indicator, by connecting into the circuit at the 
indicator—which is usually easily done. Inasmuch as the 
generator is simple, mechanically, most of the troubles on 
that end will be electrical. If the electric circuit of the 
generator is OK, the indicator will probably be at fault. 

The principle of operation of the test unit is as follows: 

The generator is a three-phase type, each phase having 
the same resistance. The millivoltmeter on the test unit is 
calibrated for each make of generator in use; the Kolls- 
man, Pioneer and General Electric, as each make has a 
different resistance value. By disconnecting the plug from 
the indicator of a faulty installation and connecting the 
plug to the male connector on the test lead, the millivolt- 
meter needle should swing to one of the generator marks, 
depending on the make of generator. Turning the switch 
to the other two points will give a check on those phases. 
Before taking the above readings the millivoltmeter must 
be set to zero by depressing the “Set” button and adjusting 
the rheostat. If any of the readings are different, then 
there is trouble in the odd phase. If one of the phases 
checks bad through the leads, the test unit should be 
plugged into the generator itself to determine whether the 
trouble is in the wiring or the generator. 

The indicator can be tested electrically by plugging 
into the test unit female plug. The millivoltmeter dial is 
laid off to correspond with the three makes of indicators. 

The unit pictured is built in a “first aid kit’? box. The 
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FLASHUGHT CEL 2-POLE, 3-THROW 
ROTARY SWiTch 

millivoltmeter is a salvaged ammeter, recalibrated as 
shown. To calibrate a similar instrument, the shunt 
external resistors should first be removed. A bla 
is drawn and mounted in the instrument. If the i 
case has no iron shielding it may be left off during cal 
bration; otherwise the glass should be removed so that th: 
dial may be marked. Connect up the various parts 
shown in the circuit diagram with the exceptior 
shunt. Set the millivoltmeter to zero by closing the mic 
switch and adjusting the rheostat. Connect th« 
selected generators and indicators of each make wl 
known to be correct, and mark with pencil the 
which each one brings the pointer. It will be not: 
the marks are all crowded at the far end of the si 
spread the marks for easier reading, a shunt of 
ohms should be connected across the millivoltmete: 
nals. The foregoing procedure for marking is 
and the shunt resistance varied until the desired 
is obtained. When the marks are properly located, 
should be inked in, using black ink for the generat 
red ink for the indicators. The unit may now be a 
permanently. 

Only one plug on the test lead shows in the phot 
however, two connector plugs are wired in parallel 
in the diagram. 
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Electronic Robots Read Motor Speeds 
in Wind-tunnel Tests 


LECTRONIC robots that read instruments fa 
accurately than a man can, and which print 
readings on a strip of paper (like print-weight s« 
cash registers) are used to measure with high prec 
speed of motors used in airplane wind tunnel tests, 
ing to Everett S. Lee, engineer in charge of the G 
Engineering Laboratory of the General Electric Co 
speaking before the Akron Section of the America! 
tute of Electrical Engineers. Wind-tunnel models, 
plained, are powered with small electric motors. lh 
that information about the performance of these 
may be extended accurately to the big airplanes, data 
their operation must be determined with great pre 
The indications picked up by electron tubes, he exp! 
cause the rotation of a tiny thyratron-controlled 
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CONTINUOUS COVERAGE— 100 KC. TO 120 MC. e ALL FREQUENCIES FUNDAMENTALS 


A complete wide-range Signal Generator in keeping with the 
broader requirements of today’s testing. Model 1632 offers accu- 
racy and stability, beyond anything heretofore demanded in the 
test field, plus the new high frequencies for frequency modulated 
and television receivers, required for post-war servicing. Top- 
quality engineering and construction throughout in keeping with 
the pledge of satisfaction represented by the familiar Triplett 
trademark. 


Of course today’s production of this and other models go for 
war needs, but you will find the complete Triplett line the answer 
to your problems when you add to your post-war equipment. 






ELECTRICAL 


BLUFFTON 


INSTRUMENT (0. 


OHIO *** 








@ Triple shielding throughout, Steel 


] 


outer Case Stecl inmer case, plus 


copper plating 





@ All coils permeability tuned. Litz 
wire wound impregnated against 
humidity with “high-Q” cement. 





@ Note sectionsindividually shielded 


with pure copper. Entire unit en- 
cased in aluminum shield. 
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CHRONO-TACHOMETERS 





... and their 
contribution 
to instrumentation. 





For several years our chrono-tachometers have been 
recognized and used by Aircraft Engine Manufac- 
turers as the most accurate and most dependable 
instruments for precise speed measurements to deter- 
mine fuel consumption, oil consumption and devel- 
oped horsepower. 

The method of obtaining precise speed measure- 
ments, that of employing a clutch type revolution 
counter, connected in multiple with a clutch type 
stop clock for simultaneous operation, early estab- 
lished its superior accuracy, convenience and _ reli- 
ability. 

Constant attention and effort have been devoted 
to improvements. One of the first and most valuable 
was the development of electric drive whereby self- 
synchronous motors, or a self-exciting three-phase 
alternator and synchronous motors, are used instead 
of flexible shafts. 

Another addition was the rapid speed check which 
obtains an accurate count of revolutions for an exact 
1/10 of a minute. 

The problem of maintaining clockwise rotation of 
tachometer and revolution counter hands has been 
solved by development of an automatic reversing 
mechanism for flexible shaft drives, and by control 
switch operation for electric drives. 

For those users to whom an extra large tachometer 
dial is important, a dial 6” in diameter is available. 

The additional feature on which we are now work- 
ing and which will be an integral part of the chrono- 
tachometer Is an overspeed cutout to operate auto- 
matically to shut off an engine when it exceeds a 
certain speed, and thereby prevent it from running 
away. 


Write for Literature. Address [-17. 


THE STANDARD 
ELECTRIC TIME CO. 


“Split-Second Measurement by Standard” 


SPRINGFIELD, MASSACHUSETTS 
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which in turn drives wheels carrying type fo) 
When the operator wants to take a reading he 
button, and the type wheels print their setting a; 
ment. Mr. Lee explained that the mechanisms 
jused to give the equivalent of readings on a 
than eight feet long. 


Questions on Altitude Compensation 


Aviation Instruments Dep’t of Instruments: 

We’d like to have you settle a problem whic! 
puzzling a few of us. It concerns altitude e 
rate-of-climb. 

In an instrument having a long capillary tu 
leak, we know that the readings will become “fa 
increasing altitude, i.e., the indicated rate wi ‘ 
than the actual rate.We have partly explained t 
selves by the following points: 

A. When a leak occurs through a long capil 
the pressure drop is practically independ: f t 
density. 

B. Thus the rate-of-leak would be consta) 
altitudes. 

C. The rate-of-leak would be too slow at hig! 
causing the differential pressure to be 1 oreat 
giving us a “fast” reading. 

But, here viscosity rears its ugly head. Viscosit 
both with a change in temperature, and with a « 
altitude-pressure and density. These are our que 

1. Does viscosity have a great influence o1 tity 
error, and just what is the effect? 

2. Is compensation for change in viscosity 
altitude or temperature compensation? 

3. How is viscosity expressed numericall\ 
theoretical equation for the rate-of-climb 

4. Will porcelain diffuse a lesser or great 
of air when the viscosity becomes less? 

Thanks a lot for any information you can giv 
WILLIAM L. JA 
Instrument Me 
Pan America! 


Boeing Field, 
Se attle, Wash’n 


Referred to the Aircraft Instrument Guild’: (i 


6s be) 
Thermostats “Promoted” from House 
hold Duties to Airplane Service 

ERVING now as a sky fireman ready to help put 

blazes in Uncle Sam’s warplanes is the little meta 
disk that used-to control the temperature of elect ! 
Thousands of thermostats the size of half dollars 
produced for “fire patrol in airplanes” at the Mansfi 
(Ohio) Westinghouse plant. Attached to moto 
other strategic parts of combat planes, the the 
operate on a principle entirely different fron 
automatic sprinkler systems used in factories. S 
have fusible links that melt, thereby releasing t 
and cannot be used again. Furthermore, a sp! 
itself is not a signaling device. In a warplane, 
bimetal disk does not release carbon dioxide but at 
temperature it makes two tiny silver contacts 
electric circuit, causing a light to flash on the pil 
board. Then, the pilot if the high temperature res 
a fire caused by a tracer bullet, a leaking gas ta 
overheated motor, the pilot knows, from the locati 
signal light, which lever to pull to release carbo! 
and put out the fire. 

Thermostats have various other wartime aviat 
cations, according to Westinghouse news notes. ke: 
in a fluid condition in the gear case of aerial can 
mapping missions in frigid temperatures is a 
solved by a small cartridge type heater with a 
thermostat control. The oil-bathed gear is necessa! 
the camera level despite flight variations. 

Radio equipment aboard planes is prevented f1 
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tu wrdarson’s new development, 
‘fa t} former terminals in glass, 
vil lly and completely overcomes 
| dangers of break-downs caused 
. y extreme humidity and myster- TT. 
is fungus growths which often 
[pl 1 tack electrical equipment 
nde t I hy 
i f 
tal 1 J 
igh ae is 
silk ™ rp This new alloy is being used by circuit 
sit is breaker manufacturers to build brackets for 
Ss ings 
a supporting bimetal elements where loss of 
= or tee TRANSFORMER DIVISION heat would otherwise upset desired action 
i ers, and a sais THORDARSON ELECTRIC MFG. CO. . «may also be used by makers of domestic 
500 WEST HURON STREET, CHICAGC * . 
irons and other appliances where support- 
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ally t @) Jransformer Speccalists Sece (89S 
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ing members made of this alloy will serve 
as a heat barrier to keep handles cool... 


















‘mb? ORIGINATORS OF TRU-FIDELITY AMPLIFIERS : om 
cle note the following comparative conductivity 
? values: 
rive = ste 
" NR 1s fret Sr dos athcras dial/oranaisuaranslieine 100% 
4 JACKS . 
tM Oe oe SiN wikia hubled & Qasimeaeelecmae 93% 
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PMR ae os Sn aie ws Sak laa ane elas bowie 6 
Hi use’ CRRCE INGOs 7 12 FOV bos .aie.8aica dieviciieiee 2% 
rvice Chace Manganese Alloy No. 772 also pos- 
g I 
hate sesses ... high electrical resistivity proper- 
little meta ties, about 60% higher than most alloys now 
lect , in common use... high temperature co- 
irs art € - ¢ . . . 
nag ees efficient of expansion, twice that of ordinary 
to . steel ... high vibration damping constant, 
th stats ee aes about 25 times greater than steel... it can 
rom that ol! . 
nig ET be machined, stamped, drawn, extruded, 
g the wat A SMALL RHEOSTAT and welded to itself or steel . . . now avail- 
sprinkle ie able in sheets, strips, rods and special shapes. 
ine, t t 
“so: | With BIG FEATURES ae Se 
me te Complete engineering and research facilities avail- 
pilot M Leonard has produced is smoothness itself. There are able... “Bulletin No. A-942” giving detailed infor- 
resu ir 4” Plate Type Rheostat forty-three steps of control. mation regarding Chace Manganese Alloy No. 772 
s ta the desirable features = Data Bulletins are available sent on request. 
sation r largest equipment. It on the various Ward Leonard 
b ie es heat from both sides. Rheostats. Write for bulletins 
DO I’! tacts are solid metal describing sizes and ty pes of 
; for durability. Action Rheostats of interest to vou. 
lath , 
" wm] AS Eco 
ve be ¢ e 
e NA RELAYS « RESISTORS - RNEOSTATS Thermostatic udieasiicenn and shia Alloys 
$$al 1609 BEARD AVE «+ DETROIT 9, MICH. 
. —— Electric control (WL) devices since 1892. 
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onard Electric Company, 38 South Street, Mount Vernon, N. Y 
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VICTORY 


IS ASSURED 


iF @ @ @ we confine ourselves to 


the task in hand with not too much thought on 
tomorrow's problem. To this end our entire or- 
ganization is dedicated. 

We are endeavoring to give our best 
ducing the things needed now! Tomorrow we 
can offer the unrevealed of today; contributions 
toward a better future — mighty important 
though appearing insignificant against the back- 
ground of the present picture . . . In the mean- 
time we ask your indulgence. 

If you have any problem as regards the appli- 
cation of Capacitors please feel free to consult 
us..Our more than a Quarter-Century experi- 
ence as CAPACITOR SPECIALISTS is at your 
disposal. Over the years we have supplied FAST 
CAPACITORS to innumerable Instrument 
Manufacturers, Laboratories, Research Organ- 
izations, Scientists and Schools. 


When you think of Capacitors, think Fast 


CAPACITORS for Electronic Instruments, Laboratory Stand- 
ards, Motion Picture Cameras and Projectors, Osciilograpbs, 
Oscilloscopes, Pressure Controls, Regulators, Relays, Scientific 
Instruments, Sound Recorders, Special Purpose Meters, Spec- 
trographs, Spectropbotometers, Temperature Controls, Timers, 
X-Ray Apparatus, and many other applications. 


4 pro- 








Capacitor Specialists for a Quarter-Century 
3105 North Crawford Avenue, Chicago 41 


Conodson Representatives Beaupre Engineering Works Reg 
210! Bennett Avenve, Montreal, for Power Bacto echon 


I. & Longstofe, Ud, 143 Berkeley Street, Toronto, for Speco! Applicotion 
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ing in high altitude by a_ thermostat-contro! 
Sufficient heat is produced to keep radio equipm: 
the dew point, preventing moisture condensatio) 


altitude. 


AIRCRAFT INSTRUMENT Guip 


N 


INTERNATIONAL “1 


HEADQUARTERS 


812 N. Deraware 


Tutsa, Oxtan 


The following articles have been contril 
by the Aireraft Instrument Guild. For 
ther information on any of the subjects 
cussed, write to the Guild at the above add) 


From the Guild President 


N our recent trip to Washington, New York, ( 
Jacksonville, Pensacola, Corpus Christi and 
we heard criticisms of our proposed classification of Ai; 
craft Instrument Mechanics; so, hereafter, each Guild 
member will be known as a “Member” until such time as 
the CAA issues him a honafide rating after he ha issed 
the necessary examination. 

At long last the gold-stamped leather identification cases 
arrived. They were mailed out to all members; but some 
were returned by the Post Office for want of for ding 
addresses. Please help us keep our addresses up-to-date 

The Sperry Gyroscope Co. sent us 300 Ibs. of fac 
information. This will be sent out to all Guild members 
I’m sure that other aircraft instrument factories 
low suit before long. 

Does every member know all about instrument 
maintenance, installation, trouble-sheeting, ete.? Of 
not! Then, send questions for the Guild’s Quest 
Answers Column, 

A number of requests for information or organizi! 
chapters of the Guild have been received and answer 
hope that more local chapters will be organized, 
this is the best way in the world to advance the ( 
program as an educational organization, to unify a 
and to hasten recognition by the Civil Aeronautics A 


istration. R. G. OJERS 


Calibration of the Sperry Turn 
Indicator or Directional Gyro 
E. McEWEN, 


By GERALD Ass’t Foreman _ Instrument 


Repair, Brookley Field; Instructor Gyroscopic Instruments. 


N order for every one to thoroughly understa 

what I’m talking about when I speak of “Tur 

cator,” I will endeavor to explain the differ 
identification. In order for us to keep all of our wo) 
records straight, the Army has made a distinction 
the Turn Indicator (the flight instrument) and the 
tional Gyro (the Directional control unit of the Aut 
Pilot). Now when I speak of a Turn Indicator I 
reference to the Pioneer Bank and Turn Indicato) 

Arguments have raged among Gyro mechanics in 
to calibration. That’s probably why so few artic! 
been written about this step in overhaul. To write 
cle that everyone would agree upon would be next 
possible. In this article I shall jot down a few thi 
may be helpful to any of you that have been having 
calibrating your Turn Indicator. I have tried to co 
my work in steps, so as to keep from repeating al 
cedures, thus saving time that would be charged up : 
my instrument and thereby getting out more prod 
In this day and age we all have to do all that Is 
power to step up production. 
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WHEN IT’S OVER “OVER THERE” 


IRC will be in a specially favorable posi- 
tion to supply all types of Resistance units 
—of high Quality and in 
large Quantity—and at low 
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und, < Wo 
inta, costs made possible by * = 
bien mass production. % A 
"8 a 
mes INTERNATIONAL RESISTANCE CO. 
come 401 N. BROAD ST., PHILADELPHIA 8, PA. 

ding 


IRC makes more types of resistance units, in more shapes, for 


more applications, than any other manufacturer in the world. 





‘Yes sir—hits the mark ys 
with pilots and designers 


They agree on the accuracy, long, trouble-free service 
and exclusive Air-Safe features. Pilots like the rotating 
dial that eliminates compass correction cards. Designers 
ke the oil resisting rubber bellows and the careful 
hock mountings. Both agree on the large dial with clear 

‘inite markings, the unbreakable ‘Bull's Eye" lens and 

e general appearance of the compass that adds a tone 
' quality to the instrument panel. Purchasing agents 
dorse this remarkable achievement in compass design 


ts economy both in initial price and on the produc 





AIR-SAFE AIRCRAFT INSTRUMENT CO. 


GLENODAILE + Al 
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ne. Write today for more information } 
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-_ skeaeneecormeananeeats v and long-life econ- 


omy, nothing can match the Goand No-Go 


sapphire plug gages now available from Elgin. 
Their contact points of brilliant sapphire 
are next to diamonds in hardness: they last. 
Elgin sapphire gages cannot rust. They are 
not subject to corrosion by any known chem- 
ical... will not “burr”. 
Available in sizes from .040” to .250”, in 
tolerance ranges from .000L down to .00002. 
If vou have proper preference rating and 
end use classification, write today for prices 


and complete information. 


ELGIN SAPPHIRE PRODUCTS PRESENT MANY ADVANTAGES 
FOR THE FOLLOWING TYPES OF EQUIPMENT: Bearings ¢ 
Thread Guides ¢ Extrusion Dies ¢ Gages ¢ Knife Edges « 
Spray Nozzles ¢ Sapphire Lapping Powders ¢ Diesel In- 
jector Nozzles ¢ Oil Burner Nozzles ¢ Soft Wire Dies « 
Phonograph Needles ¢ Machining Tools for soft metals 
¢ Burnishing Tools for soft metals ¢ Pressure Vessel Win- 


dows ¢ Electrical Insulators ¢ Watch Crystals. 


ELGIN NATIONAL 
WATCH COMPANY 


Sapphire Products Division, 932 Benton St. 
Aurora, Ill., U.S. A. 
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L&R Precision Cleaning 
Equipment is used by the 
Army, Navy and more than 
200 War Industries to CLEAN : 
«RINSE.POLISH.DRY parts 
too difficult to clean man- : 
vally or by any other meth- 
od ... instruments, meters, 
gauges, electronic tubes, 
beorings, jewels, crystals 
and related small parts. 
For particularly difficult 
cleaning problems, submit 
units for test cleaning in 
L&R Laboratory. A complete 
report with recommenda- 
tions will be furnished with- 
out cost or obligation. 


WRITE FOR COMPLETE CATALOG 
DATA ON L&R PRECISION CLEAN- 
ING MACHINES AND SOLUTIONS 


L&R MANUFACTURING COMPANY 
577 ELM STREET 
ARLINGTON -+- NEW JERSEY 


shee Yen of hard-to-get-at places 


now made certain and accurate with the help of 


WAPPLER 


INDUSTRIAL TELESCOPES 


“Precision Instruments for 


Y/Iy 4p fi 
Ml ui =f the Exacting Inspection of 
Cua Eoahlet: Internal Surfaces.” 


For prompt action and our recom- 
mendations, include drawing of 
part to be inspected, or preferably 
the part itself. 


pe ™:; . 
oy Ey 
Taaoe mans 


Industrial Division 


AMERICAN CYSTOSCOPE MAKERS, Inc. 


FREDERICK C. WAPPLER, Pres. 


1241 Lafayette Ave (Bronx) New York, U S.A. 
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To begin with, we all will agree that we should 
Instrument as nearly perfect as possible in ord 
brate it. We know that a Gyroscope has two fy 
principles of operation, Rigidity and Precessi: 
is that physical property of a spinning mass 
rigid, or in the same position, in space until s: 
force acts upon it. Precession is the physical | 
this spinning mass to change its position at nit 
angle to the direction in which this outside fore: 

A few people think of this when they are trying t 
their instrument, but if it were possible to set 
tionless bearing your turn rotor would remain 
position in space indefinitely until some outside f 
act upon it. Thus in every revolution of the ea 
standing here looking at this rotor it would se 
pletely turn over one revolution, or to precess 
360 degrees. 

This cannot happen in our turn indicator bee: 
rotor would precess more than 55 degrees off 1 
the gimbal would touch the vertical ring and thi 
would revert to the vertical ring and the ecard \ 
Now another reason that this does not happen 
force of the air out of the air nozzle will kee; 
from tilting and will hold it on a level positior 
this we are making this rotor or free gyro 
degrees every 24 hours, in reference to space. N 
we make this rotor precess like this and the a 
holding it level, then this force is removed from t 
and placed upon the vertical ring and card, therel 
the instrument precess off the heading. This prec 
amount to approximately 3 or 4 degrees every fift: 
utes. That’s why the pilot in the airplane has t 
turn by his compass and reset it about every fiftee 

Now it’s impossible for us to set up a frictionles 
so that we will have other forces tc contend wit] 
the ones I have already mentioned. In calibratio: 
deavor to cancel out all the forces that it’s possib 
nate. We do this by placing in forces that will react 
other forces that are prevailing, thus doing the « 
out effect and we have an instrument with as 
zero drift as it’s possible to get it. 


These are the steps of calibration: 
1. Rotor tilt test while instrument is coasting 
2. Rotor tilt test while instrument is runnin 
speed. 
3. Turn table test. 
1. Cardinal heading check. 
5. Angle tilt test. 


In Step One I am getting my instrument as nea 


fectly balanced as possible. If you will run your inst 


up on 4 inches of mercury vacuum for 8 or 10 1 


your instrument will be at full speed. Cage the inst 


and shut off your power and uncage your instrum: 
it coast for 5 or 6 minutes and observe the gimbal f 
tilt. This is done with the 180-degree heading fac 
as all tilt is taken from the 180-degree heading ni 
which heading you have facing you. If the rotor has 


} 


tilt you will screw the drift nut or horizontal ba 
stud in or to the right. If the rotor has an up tilt ) 


screw the drift nut to the left or out. This proced 
to be repeated until there is positively no tilt in tl 
while the instrument is coasting. This is to insur‘ 
balance of the gimbal assembly. 

In Step Two, you will let the instrument run vu} 
speed and then cage and uncage the instrument a! 
continue to run at full speed. Now observe the rotor 
If any tilt is in the rotor now, it has to be from th« 
being off centralization. If the rotor has an up tilt, } 
screw the nozzle screw to the right or clockwise 
rotor has a down tilt you will screw the nozzle screw 
left or counter-clockwise. Keep repeating this p1 
until there is absoluetly no tilt in the rotor while the 
ment is running at full speed. 

In these two rotor tilt tests, you are making you 


ment as nearly perfect as possible and are calibrati! 


of it the apparent precession that it will have due 
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H-2 MIDGETS 


Working i 


CLOS 
TOL E RAN by 


1 LIGHT WEIGHT 
2 LABORATORY ACCURACY 


3 ARMORED RUGGEDNESS 





' For the past 10 years H-B Midget Thermom- = : Ph 
% . eters have been installed by the thousands. Easy to read a LP c- €. similar 1m Pri 
because of lens-front yellow back tube and scale engraved buy ee ark fy = Le ae Me sag ait 
on glass. Any range from minus 30 to plus 700° F. Made rv: —— \ a pe re 


cow 


in both straight and angle types, weighing but 5 and 7 ozs. 
respectively. Straight type, 9 in. overall. For details, write 
for folder. H-B Instrument Company, 2525 No. Broad 
Street, Philadelphia 32, Pa. 


DOUBLE 








e | THERMOMETERS - THERMOSTATS - RELAYS 
» to eli THERMO-REGULATORS - HYDROMETERS 





DIAMOND 
@ Aerovox silvered mica capacitors are designed 


for the most critical applications requiring pre- 


- IVI EX \ ]D) cise capacitance values and extreme stability. 
Presenting the Famous Silvered coating applied to mica and fired at 


elevated temperatures. Units encased in molded 


AIR Cc LAM a XM low-loss red bakelite for silvered-mica 
, identification. 










For Tom 
— Greater Drill Press SILVERED MICA CAPACITORS 
Shipment! Output Average positive temperature In three types: 1000 v. D.C 


test: Tyve 1469, .OOOOOS to 


coefficient of only .0O3‘% per 
-.OOOS mfd.; Type 1479 


n 
: degree C.—a remarkably low shown .OOO1 to .OO1 mfd.; 
¢ value. Type 1469, .00075 to .0025 
mfd., and to .OO1 mfd. in 
Excellent retrace character- 600 v. 
istics, practically no capaci- u y 
5 P y Standard tolerance plus/mi 
tance drift with time, excep- nus 5%. Also plus/minus 3 
tionally high Q. 2and 1% 











) HEREVER a drill comes down, 
something must hold the work. 
Wherever a drilling-jig is required, Air- 
Clamp will simplify it. Wherever speed 
desired, Air-Clamp will produce it. 
lir-Clamp holds with relentless pressure ; 
Ss undisturbed by size variations (such 
in castings), it scoffs at vibration 
yw many drills have been broken due 
faulty hold-downs?), chatter, snag- 
ng. Air-Clamp holds work of any size or shape in any position, 
iny angle. Can pay for itself on a single fixture; saves its costs 
i few days’ drill-press output. Reduces operator fatigue. Saves 
irs and dollars in drafting-room, jig department, tool room 
1 production line. Air-Clamp fits any drill-press having a 
ndrical column. Special fixtures for Tee-slotted tables, light 
lling work, etc. Hand and/or foot control. Shipped on approval 
esponsible concerns. Write for new Air Power Catalog. 


MEAD 7 | SIS bh 
SPECIALTIES INDIVIDUALLY 


COMPANY TESTED 
AER xX RPORATION. NEW BEDFORD. MASS an + Si Orrices IN Att Principan Cities 
15 SO. MARKET STREET 


DEPT. 44-JA ® CHICAGO, U.S.A. Export: 13 £. 40 St.. New York 16, N.Y.~ Cable: ‘ARLAB’ - In Canada: AEROVOX CANADA LTB., HamiLTon, Ont 


Aerovox is ready to accept orders for mica capacitors 
which will meet American War Standards ratings. 


@ Write for Literature ... 
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a that 


icates Inflation 








Inflate the Bourdon tube of a CERTIFIED Pressure 
Gauge 30,000,000 times and still the spiral pinion 
gear will move the indicating pointer over the en- 
tire dial range just as accurately and dependably 
as ever. 


This exceptional durable accuracy, unattainable 
in any other instrument movernent, 
results from the inherent mechan- 
ical superiority of the patented 
Helicoid Gearing as engineered 


by CERTIFIED. 


Sole manufacturers of Gauges employ- 
ing patented "Cam and Roller'’ Move- 
ment. 





Write for catalog. 


CERTIFIED GAUGE & INSTRUMENT CORP. 


34-18 Northern Blivd., NY. 





Long Island City 1, 


DILLON DYNAMOMETERS SERVING 


COMMUNICATIONS AVIATION 


100% DEPENDABLE 


Thousands of Dillon Dynamometers 
in use in scores of mechanical set- 
ups, testing tensile strength of ma- 
terials, static loading, etc. Fit into 
“tight” spots where correct tension 
or strength must be determined 


A VERSATILE INSTRUMENT 


used with overhead crane, block and tackle, 
Tests strength of castings, rope 
items—Direct reading in 





turn- 


May be 
buckles, air 


hoists, etc 


chain, plastics, hundreds of other 


pounds. May be used in any position. 

EASY TO USE—ACCURATE 
Not injured by overload. Compact—measures only 
8'4°x6'4"x3" and weighs 8 lbs. 4 oz. Capacities up to 
20,000 11 Shatterproof crystal, maximum hand 
Eq lipped with shackles. Immediate delive ry lo 
cost 

WRITE DEPT. RD FOR LITERATURE 














HARRISON STREET 
ILLINOIS 


5410 W. 
fel iiey Vclok 





W.C. DILLON & CO., inc. 
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earth’s rotation. Now any precession that you ha 
due to other forces such as friction in bearings, 
will make it precess off. In assembling your inst 
sure that your bearings are in as good a shape 

and be sure that you have the instrument asse) 
rectly, that is, that you have no loose bearings « 

that will produce weight shift. 

Make tests after each thing you do, to insur 
are assembling the instrument correctly. Your ent 
ment has to be as nearly perfectly balanced th) 

If gimbal bearings aren’t tight enoug! 
recesses you are liable to have weight shift from t 
A test I always use to see if my bearings are tig 
is to place a scribe or jeweler’s screwdriver 
snap ring in the bearing assembly and push ar 
circular motion. If the snap ring turns and the ra 
firm in the recess, it is tight enough. If the race 
doing this, it is too loose. Test pivots in the ve 
that fit into your gimbal bearings after you hav 
the lock screws and see if they are tight. If th: 
aren’t tight they will loosen up from vibration 
weight shift of your gimbal assembly in your vert 
It is impossible to calibrate an instrument that 
weight shift or isn’t assembled properly. 

Third Step of calibration (the turn table t 
for the adjustment of the top pivot and to see if 
ment is absolutely in the case, It is a test f 
in the top and bottom bearings also. I try to g 
pivot adjusted so that I will have as close to 
differential in my readings as it is possible to get 
differential in this read 
you stay close to this you are crowding the maximu: 
ance and you are liable to have one of your headi: 
up with too much differential. If your top pivot is t 
or too loose it will give you the same reaction. 1 
thing if it is too loose you can cage and uncage thi 
ment and watch the card. If the card moves up or d 
all, it is too loose. In assembly I usually tighten 
pivot until the card just starts to move and then I f 
instrument for end play. Be sure you do not confus 
play in the lower bearing with end play in the inst 

By taking the turn table test at this time I save t 
my calibration. I could go ahead and do the rest 
calibrating and have everything within tolerance ar 


possible. 


f ree 


are allowed a two-degree 


take the turn table test last and if I had to do any ad 


ing then all my time spent in calibration would | 


nothing because I would have to do it all over again, 


really save time by doing the turn table test third 
get the top pivot adjusted to one-degree differentia 
find that when I do get my 


half-degree minus with turn table turning 
Use a turn table with 180 degree per minut 
Steps Four and Five can be done on a Scorsby 
have one, otherwise do this calibration in the calib 
fixture. Cardinal heading calibration will vary with ' 
instruments as each turn indicator has its own )y« 
characteristics. However, we can set down a few rule 
will work on most instruments. If we turn the drift 
the left it will make the instrument precess plus; if 
right the instrument will precess minus. Turn thi 
screw to the left and the instrument will precess 
to the right and the instrument will precess plus. T 
nut will affect the 0 and 180 degree headings most 


and a 
right. 


nozzle screw will affect the 90 and 270 headings m 
Now if you have an instrument that is giving you 
reading you will want to make the adjustment tl 


instrument to minus so as to ¢al 
plus reading. If the instrument is 

then reverse the adjustment or adjust thi 
to drift ‘ancel out the minus drift. Yo 
to figure each instrument as an individual 
are no cut-and-dried laws that will 
instruments. However I a chart I will include 

article that will work on the biggest percent of the 
then by the theory of the instrument itself you can f 
your instrument out all right. Now if drift nut to the 


cause the 
the drift o1 


precess 


minus 
ment plus to « 
problem. 
work on absolut: 
have 


instrument calibrated | 
have a half-degree plus with turn table turning to the 


T 
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PRECISION GAGES 


n Gages are tailored for precision—often to toler- 


; as close as a “tenth of a tenth.” Expert craftsmen 
Axelson’s scientific gage-making facilities under 
ed atmospheric conditions. Using variation-proof 

s processed by specially developed heat-and-freezing 
ment, they are creating precision-perfect gages for 
reds of war plants. Axelson-built Gages will accel- 
production under the most rigid precision standards 
gages are made to order, but due to ‘‘peace-pushing” 


] 


luction schedules, gaick delivery is possible. Let 


{xelson help you with your gage problems NOW! 


AXELSON MANUFACTURING CO. 


Vernon Station) Los Angeles 11, California 
Munsey Bldg., Washington, D. ¢ 


Louis, Mo 


Boyle Ave. (Box 98, 
St., New York; 204 
3844 Walsh St.. St 


KRON 


Announces 


ELECTRO- 
MAGNETIC 
POINTER 


For Industrial 
DIAL SCALES 
and precision force 
INSTRUMENTS 


Can be attached to the 
weigh pointer or de- 
tached and held station- 
ary at any instant during 
a weighing operation, or 
force measurement with- 
out affecting the accu- 
racy of the scale instru- 
ment. 

Can be operated 
manually or by remote 
timer or switch gear. 

Permits accurate ‘rate 
of flow’ indication for 
timed intervals. It is a 
perfect automatic tare 
device for barrel, box or 
bag filling. It is invalu- 
able for mixing chemi- 
cals or fluids. 


KRON INDUSTRIAL 
DIAL SCALES 
"Engineered for the Job"’ 


The KRON Co. 
Bridgeport 5, Conn. 








“Magna-Pointer” held 
at zero before timing 
interval. 









jna-Pointer” en- 
and moves with 
pointer during 







“Magna-Pointer” in- 
stantly stalls at end of 
timed interval. 




















Midget Switch illustra- 
ted one-fourth larger 
than actual size. 






® The rapidly ris- 
ing preference 
for ACRO-SNAP 
SWITCHES is due 
to the rolling 
spring principle of actuation. Two beryllium springs are 
locked together in a manner which compels one spring to 
“Trigger'’ the other. The contact break is more nearly 
instantaneous than with a conventional type snap-action 
switch. Friction is eliminated, and firmer contact pressure 
maintained. When built into relays, smaller coils may be 
used as less ACRO 
SWITCHES have been approved by the U. S. Army Air 


Forces after Winterization tests and adopted by both 


operating pressure is required. 


prime, and sub-contractors on all types of war equipment. 


Write for special bulletin on Model G Midget. 


ACRO ELECTRIC COMPANY 


1324 SUPERIOR AVENUE, CLEVELAND 14, OHIO 
NEW YORK, CHICAGO, BUFFALO, DETROIT, DALLAS, OMAHA, ST. PAUL, 
KANSAS CITY, MEMPHIS, TAMPA, BALTIMORE, NEW ORLEANS, 
PHEONIX, LOS ANGELES, DAYTON, TORONTO, CANADA. 
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HEAD AND 
SHOULDERS 






For adaptability, high manufac- 
turing savings, ease of installa- 
tion, the Fenwal Thermoswitch 
is head and shoulders above the 





| oe field of thermal controls. 

x58 

bof e 

‘ 233 | With +1/10° sensitivity and a 
ge range from minus 100° to plus 
$3! 600° F. the Thermoswitch is to- 
f wo? day’s most efficient heat (and 

ze | cold) control. Rated 10a. 115v. 
(ude 

B of Write for new catalog 


THE FLANGE HEAD THERMOSWITCH 





a ‘7 INCORPORATED 








6 PLEASANT ST., ASHLAND, MASSACHUSETTS 
SRNL TENE OLIN TT TOE LEE ECAR PTR RRA RITES 
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and nozzle screw to the left will make the inst; 
cess minus, that shows us that we have to ad 
strument in to an up tilt to make the instry 
minus. Down tilt to make the instrument drift 
in adjusting or making the adjustments thr 
in your rotor, this tilt will not show up when 
you are entering in to cancel out the force that 
made the instrument drift off heading, becaus: 
are equal and opposite and the instrument will 
tilt and will not drift off when it’s adjusted right 
are really doing is throwing the instrument off 
the direction that will let you employ the fore 
to offset the forces of friction (or what have 
made the instrument precess off. In the case of 
screw adjustment you are employing the fores 
against the buckets of the rotor as the force to 
the opposing forces. To save time I generally t: 
cardinal headings for a five-minute run each to 
way it is going to drift and then make my ad 
When I get the instrument so it is holding its h 
right for these five-minute runs, then I will tak« 
(Continued on 





The Constitution of Matter 


Concluded from page 205) 


Fig. 13 shows the arrangement of the atoms of 
crystal under different conditions of heat treat: 
still know comparatively little regarding the int 
forces of iron. We need a force equal to twenty 
to tear asunder the particles in a polycrystallin 
iron an inch thick. This is not nearly so large a 
should be as calculated from our interatomic for 
discrepancy is due largely to the fact that the } 


Fig. 13. Iron has a body-centered cubic lattice below 9 
and is known as alpha-iron (a) 
Gamma-iron (b) has a face-centered cubic lattice from 
to 1410°C. Iron is most magnetic below 920°C, 
Courtesy Bell Telephone Laborat 


tween the atoms do not all give way at once, but ¢ 
meal, and further, in a polycrystalline piece of iron, 


in many parts of the iron bar only the forces betwee! 


crystallites of iron composing the bar and of this v 
still less, 

When a set of iron atoms like those in (a) 
subjected to a magnetic field, the dimensions of suc! 


are changed. These are known as maguetostrictive ef 


Are the distances between the atoms of iron 
changed? If so, magnetization should change the | 
of iron. We now know that repeated reversals of 
netic field applied to an iron rod does soften it. 
The word atom comes from a Greek word meani! 
visible. A large part of modern physics is based 
discoveries which have shown that atoms are com} 
several parts. The great indoor sport for physicist 
is “smashing atoms,” for by that process can wt 
what the constituent parts to an atom are. Later 


will deal with the methods whereby these constituent 


may be demonstrated. At present there seem to 
different bricks from which atoms may be const 
protons, positive and negative electrons, neutro! 
neutrinos. 

Matter, in general, is like a fisherman’s net—a 
holes held together by strings. 
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for 
Gas Density 
Tests 





instrument gives dependable and accurate results 













+ gas, as well as on dry natural gas and artificial gas. 

used with equal results in laboratory, plant, and 

Results can be checked to within 3 points in the 
fourth place. Each unit is completely equipped with needle 
valves and carrying case. Affording maximum portability, 


the unit can be rigidly locked for transportation. 


Catalog 26A for Scientific Instruments 








THE REFINERY SUPPLY CO. 


Main Office and Plant 
TULSA, OKLAHOMA Ph. 4-8144, L.D. 581 
—— Branch Office 
Houston, Texas 


621 E. 4th Street 


1309 Capitol Ave . Ph. Fairfax 5814 





% CLAROSTAT—that's the easy way to spec- 
* ify sturdy rheostats, potentiometers, attenua- 
t f att tors and other resistance controls for your 
instruments and assemblies. Clarostat means 
"The House of Resistors''—products backed by 
j more than two decades of specialization in the 
windings taps resistance field — outstanding engineering, 
* skilled workmanship, and production facilities 
second to none. Try Clarostat! 


ng ind % Write for Literature 
Submit that Problem. 


Conti ni Lleciba 


CLAROSTAT MFG. CO., Inc. - 285-7 N. Gtn St., Brooklyn, N. Y. 








PROTECT 
1T WITH 


Paragon 


TIME 
DELAY RELAYS ~ 


NOTHING is more vital to the war production program 
than electrical equipment. Guard it with Paragon auto 





BR ORE HOB 


Approx. size 
of 800 Series 


matically reset, synchronous motor operated time delay 
relays, which 

1. Protect rectifiers and tube filaments from applica 

tion of plate current before filaments are preheated 
Control the various steps of motor acceleration 
Delay the closure of elevator control circuits 
Stagger the closure of multiple circuit systems so 
that full load will not be applied at start. 

Accuracy of the time cycle and operation of the timer not 
affected by changes in ambient temperature or vibration. 
Designed for panelboard mounting or may be mounted to 
standard handy box or single gang switch box. 

Built by an organization of engineers and skilled crafts 
men specializing on electrical equipment since 1905. Write 
for a bulletin on 800 Series Time Delay Relays 


PARAGON ELECTRIC COMPANY 
35 WEST VAN BUREN STREET 
CHICAGO 5, ILL. 


‘Paragon (j,i: 


SINCE 1905 





BUILDERS oF ELECTRICAL EQUIPMENT 
‘ 
wal 
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But it's the same reliable, 
accurate PRECISION’ 
Industrial Thermometer 
we've always made. It's 
just the new plastic frame 
that makes the difference. 
It saves critical material 
without sacrifice of quality 
or efficiency and further- 
more, we think it makes 
the whole appearance a 


little snappier! 





PRECISION 
THERMOMETER & INSTRUMENT CO. 


1434 Brandywine St., Philadelphia 30, Pa 


PRECISION” INSTRUMENTS FOR INDUSTRY 


; §  ceaaaeas 











Foremost 
MANUFACTURERS 
of TRANSFORMERS 
to the 


® ELECTRONIC INDUSTRY | 


150 VARICK STREET NEW YORK 13, N. Y. 


EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N.Y., CABLES: “ARLAB” 
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lar twenty-minute run each. We have a toleray 
not over a total of twelve degrees on all fou; 
not more than five degrees on any one headi 

I think you will all agree with me, though, th 
ment that is just within the tolerance isn’t 
you would call an excellent instrument: so J 
it a practice to make each instrument a littl 
the one before. Yes, I am always striving fo 
Try to get as near a 0 drift on each heading 
ble to attain. There will be some instruments ¢ 
have to calibrate absolutely backwards to the ac 
If you were to make a graph and list the mark 
graph to arrive to a 0 drift then you will find out 
times an instrument will be on the other side of 
mark and you will have to calibrate backwar 
the instrument back to the 0 drift. This can be 
over-calibration. 

You will find also that on some instruments y: 
what we commonly call a cross-reading instrume, 
your corresponding headings such as 0 and 180 
being like readings will be opposite, 90 and 27 
for example you could have 2 degrees plus on th: 

2 degrees plus on the 90 degree heading and 
minus on the 180-degree heading and 2 degre: 
the 270-degree heading. 

There are three main causes for a condition of 
You can have a condition of over-calibration, o1 
centralized condition of the rotor in the gimbal 
out-of-centralization of the gimbal ring in the v 
If by calibrating the instrument backwards you 
nowhere, test your instrument for the centralizat 
rotor in the gimbal ring or the gimbal in the v 
times you will have a slight sprung gimbal and 
used a male plug in the 90-degree end of the gimba 
indicating and you are well within tolerance. If 
to place this plug in the 270-degree end and ind 
plug, you will find that it may be quite a differen: 
readings. To really have a centralized rotor in thé 
ring you would have to divide these two reading 


the rotor would be centralized with the vertical ax f tl 


instrument. For example; we’ll say that we have a 
centralized condition on the 90-degree end of the 
When the instrument wouldn’t calibrate out the c 
ings we disassembled the Instrument to check ou 
ization of the rotor in the gimbal ring. We hav 
checked the centralization of our gimbal ring in the 
ring and found it to be within tolerance. When we « 
the centralization of the 270-degree end of the gin 
find one side 2 thousandths high. Now if we ad 
bearings in the gimbal so that this side is only o1 
sandths high and we check the 90-degree end and fi 
it is now one thousandth low, we have divided t} 
between the two ends of the gimbal and as far as t 
is concerned it is centralized with the vertical ax 
instrument. Now the instrument can be calibrat 
this out-of-centralized effect in the instrument y 
this whirling mass moving about the vertical axis 
instrument and this sets up forces to bring about tl 
reading of the instrument. So we have to bring th 
back within centralization of the vertical axis of 
strument. 

In the Fifth Step of calibration (the angle or tilt t 
any out-of-balance of the gimbal assembly or card as 
is present your instrument will drift off. If the gim! 
sembly is top-heavy or bottom-heavy you can take out 
of this drift by adjustment of the vertical balancin: 
If the drift is caused by out-of-balance card, then t! 
way to calibrate the instrument is to check the ca 
balance and balance it perfectly. By adjustment of t! 
tical balancing stud on the gimbal you are only co! 
the top or bottom heaviness of the gimbal assembly 
ancing it perfectly. This test is done on a 15-degre 
and left angle on the 45- and 90-degree headings 01 
angle. Run instrument for 10 minutes on each of 
headings and the maximum tolerance allowed is 4 d 
plus or minus on each heading. 
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If you have been using a Scorsby in your calib: 
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AUMENT PRODUCTION LATHES 


WITH TURRET HEADS 





Two Sizes . 
3/16” and V/2” Bar ? iv” Bed 
Capacity 4” Swing 


Both Sizes Have Lever Collet Closers 
INSTRUMENT REPAIR LATHES 
3/16” Bar Capacity, 9” Bed, 4” Swing 


Compound Motops Milling 
Slide Rests V/4 hp. and Smaller attachments 
Collets for 3/16” and '/2” Bar Lathes 
For Precision Work on all Types of Instruments 


Write for details and prices 


R. P. GALLIEN 


220 W. Fifth St., Los Angeles, Calif. 
PRECISION INSTRUMENT EQUIPMENT @ TOOLS @ SUPPLIES 










Dependable Power 


for Blower Applications 


... Oster Type C-2B Motor ('/ioo H. P.) 
stands up in severe ambient temperatures 


This specialized motor operates satisfactorily in a 90° ambient, 
for continuous duty. It is quality-built by the Oster organization, 
which for 15 years has been building fractional horsepower 
motors for use exclusively as original equipment on Oster motor- 
driven appliances. Ball-bearing equipped; built in an aluminum 
die-cast housing; 6, 12, 24, or 115 volts DC, 115 volts AC... 
You can depend on Oster motors to deliver creditable results 
that add to your own reputation for selecting 
sources wisely. Let us help you fit this or 
other Oster motors to your requirements. 
Write for details. M-13B 


John Oster Mfg. Co. of Illinois 


Department N-13 Genoa, Illinois 














Rich now, we at SOMCO are devot 


ing all our efforts and talent toward winning the 


war. That is our patriotic duty. 


But a new day is coming .. . we hope it will be 
soon. We at SOMCO are preparina 
day. That is our duty, too. 


+i: mea NEN The 
Vit 2 Wi! | 


We are looking ahead to the 
heartaches and anxieties of war become a nic 
mare of the past. SOMCO's policy of applied 
research continues, even in war: and war-inspired 
developments in the optical industry will hele 
make a brighter world when Victory is assured. 


In the meantime, we are, as always, ready t 


help you solve your present problems and future 


plans. Consult us freely that we may Wo 
work together in the interest of better- \B=# 


ing the days to come. 


SIMPSON OPTICAL MANUFACTURING CO. 


3200 West Carroll Avenue, Chicago 24, Illinois 


PROJECTION LENSES @ CAMERA LENSES’ @ PRISMS 
OPTICAL FLATS @ SOUND OPTICAL SYSTEMS AND 
LENS COATING FOR LOW REFLECTION 


PROJECTION LENSES: Complete line of commercial, high speed, ¢ 


corrected projection lenses for 8mm, |émm and 35mm film and slide projex 
tors. Photo shows projection lenses, 35mm double frame, various focal lengths 
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then all these troubles will show themselves rea 
A Scorsby will give you a simulation of a pla: 
and you will really know how your instrument 
react in flight. 

To have the instrument ready for inspectio: 
other checks that have to be made. You have 
continuity check in instruments that have lig} 
ment. Luminosity check. Appearance check. Aj 
tion check, caging mechanism checks, Case leak 
Your instrument must have the performance 
ance of a new instrument. 

The following table might help some of you 














bration problems: ; 

“y 
ma 
radic 

ANGLE TEST OR TILT IN FIXTURE Pill 
ANGLE DRIFT CORRECTION most 
LEFT PLUS VERTICAL NUT UP MER 
LEFT MINUS VERTICAL NUT DOWN its 
RIGHT PLUS VERTICAL NUT DOWN jf fie 
RIGHT MINUS VERTICAL NUT UP intel 
CARDINAL HEADING TEST wy 
DRIFT TILT OF ROTOR COMPENSATE Tra 
MINUS UP DRIFT NUT OUT OR TO LEFT acto! 
MINUS UP NOZLE SCREW TO THE §F iT of 
PLUS DOWN NOZZLE SCREW TO THE FY and 
PLUS DOWN DRIFT NUT IN OR TO THE RIGHT Mflec 
ZERO UP NOZZLE SCREW TO THE RIGHT 
ZERO DOWN NOZZLE SCREW TO THE FT ie. 
PLUS ZERO DRIFT NUT TO THE RIGH 
MINUS ZERO DRIFT NUT TO THE LEFT 
ROTOR 
-L 


SHORT COAST WITH MINUS DRIFT, OPEN 180-DEGREE SIDE 

SHORT COAST PLUS DRIFT, OPEN THE 0-DEGREE SIDE 

LONG COAST PLUS DRIFT, CLOSE THE 1{80-DEGREE SIDE 

LONG COAST MINUS DRIFT, CLOSE THE 0-DEGREE SIDE 
Rotor tilt, 1/32” maximum. 


As a rule, 15 degrees is equal to one turn of the noz ew 
one degree is equal to one face of the drift nut. 




















@ This new, efficient in- 
strument is used mainly 








for calibrating low pres- 
sure instruments and other On the majority cf instruments that you will ¢ on, 
devices. It can be employ- you will find that after you perform the first three steps 
ed also as a conventional of calibration I have set down here you won’t have any 
. ‘ouble when you take yo ardinal headi ck. (That 
manometer for reading trou le hen you take your cardinal heading che¢ Tha 
is, if your instrument has been assembled correct The 
pressures or vacuums. cardinal heading and angle tests will be mostly checks 
: ve ; rou’ ave ) > instr ont wi » well within 
Highly sensitive, the Meriam you'll have to do but the instrume nt ill be I 
Mj tolerance. However, I have tried to give you a few things 
icromanometer permits to check if you run into trouble. I sincerely hope that | 
readings to plus or minus have cleared up a few of the things that have beer ther- 
001” water pressure. Most ing you in your calibrating problems. 
rugged, and unequalled 














in simplicity. Not the 
least complicated or mys- 
terious, it can be han- 
dled successfully by the 
average operator. 


Ask for Bulletin 25 


THE MERIAM 
INSTRUMENT co. 


10958 Madison Avenue 


Electron Tube Applications 
Continued from page 209 

It is for the purpose of preventing this revers« 
that the suppressor grid is introduced. This is il 
in Fig. 97. The suppressor grid, as has been ex] 
usually connected directly to the cathode so it is at 
tential with respect to the cathode; it is, however, 
tive potential with respect to the plate, hence a fie 
up between the suppressor grid and the plate as 
Fig. 97. This, in effect, restores the condition p1 
Fig. 95. It will be seen that the same number of lines 
force terminates on the plate as in Fig. 95. It is evident 


Cleveland 2, Ohio Ee 
° therefore, that in this instance the secondary elect 
Patent Applied For also be driven back to the plate. The suppressor g} 


ever, has little effect upon the high-speed electron 
ing from the cathode and accelerated by the cont 
and the plate potentials. 


In operation and in the method of its use in « 
E RIA * therefore, the pentode does not differ materially 1 
screen-grid tetrode. It is applicable as a radio-f1 


voltage amplifier and can also be used as an audio-fr« 


* On} WMiumenls - voltage amplifier to give high voltage gain pet 


ESTABLISHED 1911 (‘“‘Audio” means the audible frequencies 0 - 10,000 01 


b MANOMETERS, METERS AND GAUGES FOR THE ACCURATE MEASUREMENT cycles per second.) Like the tetrode it has a high 

















i cation factor. It is furthermore suitable as an au re- 

__OF PRESSURES, VACUUMS AND FLOWS OF LIQUIDS AND GASES di 

Bee ee aes quency power amplifier. When the tube is used as an r 
frequency amplifier, the function of the screen grid is c 11!) By 
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mato vou D,adauete of 
it ne ty RIT’ 
et ve | ane 

ine Radio Parte 


1K te PAI unufactured ex- 
most precise 











a Act y 
Spec 
: .cturers of com- 
; A parts, MERIT 
nt ar program as 
Y co-ordinated 
ima ig unit of skilled 


ry ers, experienced 
workmen and 


= ; ‘ 
IRE Filled ators | with the 
most n equipment. 
MERI ickly established 
N its al to understand 
" difficul juirements, quote 
intelli and produce in 


tity to the most exact- 
ing specifications. 


Transiorme rs—Coils—Re- 


} TO THE Lert [Bactors—Electrical Windings 
HE RIGHT of All Types for the Radio 
THE LEFT and Radar Trade and other 


TO THE RIGHT [flectronic Applications. 


LEFT 
~-L- s 
IEE SIDE 
IDE x = 
= SY ” Since 1924 
rE 


ame | MERIT COIL & TRANSFORMER CORP. 


31) North Desplaines St. HICAGO 6, ILL. 


























‘1 Onze of these days the confett1 will fly and we'll welcome 
thre home the millions of our heroes to enjoy the peace they've 
t ha won. That's the way it should be 
heck 
ect But there are other heroes, too—among them the staunch 
stl ° 
~ instruments that helped to give our planes, our ships, our 
vt ; ‘ 
few guns their incredible power and precision. These instruments 
10pe are saving lives, are shortening the war, are hastening the 
ee! ] - ene > 

defeat of our enemies 
When the war is won, there will be other jobs for them 
to do—in the professions, 1n the sciences, in industry. High 
among these servants of the peace will be the instruments 
rse ( made by Boes. In peace, as in war, the sustained accuracy* of 
‘lu Boes-made instruments will be prized by all who use them 

x pli 
at * SUSTAINED ACCURACY : ta asy quality to a 

rr || St take pa ) a ac oT —! nen e¢ oO 
fie s set “a = Neoel design, the alloys, t! st on that infallibly prote i 
s shown I instrument against all threats to its reliable performance. S 
present 1 Th E: ra TM Lo I Tr instruments, Obviously, must be built with performar 
of es of e ASICS ay oO MSPeCl. price—in mind. We invite the inquiries of those who are int 


cooss'f OUTSIDE and INSIDE aporpsce 
en “| DIMENSIONS - - - - 


- 

yn ive 

ynti grid The jaws of these gages can be made to get into prac- 
tically any conceivable place and tell you whether a 
; dimension is right or wrong and how much wrong. 

n ¢ lits ‘hey can be furnished for comparing dimensions or for 
f +h, rect measurements. * 

f neg Used in checking patterns, cores, castings, forgings, A y 
“Ir bing, shells, bottles, plastic shapes, etc. Ask us about ZV15S 7 UVILEV sf 
-fr¢ ency yage with jaws designed to fit your work. . 
per age FEDERAL PRODUCTS CORPORATION 
yor 1144 Eddy Street, Providence 1, R. I. 





rh a fi 

audio-fe | for Measuring, Metering & Testeng Equipment 
} an audio | . , ‘ 

d is iefly 7. RECISION MEASURING INSTRUMENTS 





THE W. W. BOES COMPANY, DAYTON, OHIO 
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Type 2900 
Portable Resistance 
Thermometer 


























PLATE MILL.AMPERES 

































































4 ee 
18) acs Sa s i 7s ai i L Z I i r 
0 40 80 120. 160 200 240 280 320 300  « 140 ai = 
PLATE VOLTS : 
Fig. 98. Suppressor grid characteristics. The initial dow slor 





Rugged construc- 
¢ ae h of the screen grid characteristic, it will be noticed, ha 
ey at renee nated and the curves rise smoothly and gradually beco 


movement, and 





long mirror scale 


provide for con- that of accelerating the electron flow rather than shieldiy 
sistent accuracy in this Alnor portable electric thermom- so that when used for this purpose the “ser grid 
eter. Available in any desired range with aspan of 50 deg. F. often called the accelerator grid. 
or more between minus 50 deg. F. and plus 400 deg. F. Also Typical plate current characteristics for a presas 
with two or more scales, and multi-point instruments. : . 1: ( 7 es oe 
grid pentode are shown in Fig. 98. The initia wnwa 
Ten types of thermo-bulbs are available for use with slope of the screen-grid tube, it will be sex has bed 
Alnor thermometers, for use indoors or out, under pres- “= : . ; 
eliminated and the curves rise smoothly and gradually } 
sure, in moving air, in liquids, and for laboratory use. hat } : : : I i : 
Other Alnor thermometers include single and multi-point come fiat as the saturation point is reached. 
types up to 14 points for switchboard installation. Write So much for the pentode, at this point at least. It is n 
for bulletins. the purpose here to enter in too detailed a discussion 
these various tubes or to become too deeply involved in 


ILLINOIS TESTING LABORATORIES, INC. study of their characteristics. It is of interest, however, 


know that merely by the addition of various elements, tub 
420 North La Salle Street can be designed to have certain characteristics. The add 
Chicago 10, illinois tion of the “screen” eliminated the undesirable capaci 
effect of the triode but at the same time introduced a ne 
undesirable effect. The addition of still another elemer 
the suppressor grid, eliminated this new undesirable ef 
and provided a tube with no capacity effect az 
power-amplifying properties. 

Insofar as industrial instrument applications are ¢ 
cerned, this is about as far as we need go in tube design 
Tubes with larger numbers of elements are made chief 
for radio and laboratory purposes. Many of these tube 
combine several distinct functions. 

Fundamentally, all these tubes are rectifiers and am| 
fiers, and therefore can also serve as oscillators 
ing so, the question arises why a four- or five-electrode tu 
would be used as an oscillator when the screen was int 
duced specifically to prevent oscillation. The 
tion where oscillators with four- and five-electrode 
are preferred to oscillators employing the simpl 
expensive triode is where it is desirable to avoid energ) 
transfer between the input and output circuits of 
through the grid plate tube capacitance. Such « 
can be made more stable and also the highest 
that can be obtained is higher than in tubes where 
capacity effect is present. 

Those primarily interested in inaustrial instrument 4} 
plication need have little concern with all these variou 
developments in tube design. 

If, however, it be kept in mind that the multi-elemen 
tubes, the tetrodes, the pentodes, hexodes, penta-grid co 
verters, etc., are merely extensions of the triode, the ap 








fron 
euut 





CCURATE control of temperature or pH is vital to modern heat treating or chemical 
processing, because only in this way can uniform quality be obtained under 


mass production conditions. parent complexity of the subject will largely vanis 
Potentiometers have made such control possible, and “the heart” of these instruments in There are other electron tubes (one in parti ir, U 
most cases, for over 25 years, has been the Eplab Standard Cell. This cell is a “yardstick photoelectric tube) which are used in industria 





for the translation of voltage to temperature. The first commercial cell of its type, constant 
research has made it “as standard as sterling”. 





mentation and which will be considered later, 
are tubes of a special nature and not part of the tl 
tube family. Likewise of a special nature are the catnoctme 
ray tube and the modern X-ray tube though in thei! 
day forms they are mostly thermionic tubes. 

In the X-ray tube, the electrons emitted by the 





When you buy potentiometers, specify Eplab Standard Cells. 


THE EPPLEY LABORATORY, INC. 


SCIENTIFIC INSTRUMENTS + NEWPORT, R®. 1, U.S. A. 





ST Te ee a or the cathode are accelerated by an extremely 
B S d d C | se hihaihdlidasnteia: Mediate tential field (a million volts in some recent 
EPLA tandar OLS «A; stondord os Sterting ‘ models) and strike, with all their energy, the an 
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oi2zes td Dial Faces 
AA Li/ / 


| aniyi 


S290 ese 
My 

In four sizes with fourteen different dial gradu- 

ations, indicating thousandths, half-thousandths 

or tenths of thousandths inches. 

Speedy, accurate, inexpensive and adaptable to Army, Navy and Air Corps 

various measuring and testing jobs. 


Write today for catalog. DIALS AND OTHER DEVICES 
Mt, ~—«B.C.AMES CO., WALTHAM, MASS. ait 


RADOOIMCI 





ca steam this ii nan ca ~ ry 
4 THOSE DOLLARS PHOSPHORESCENT AND 
* : 
; FLUORESCENT COMPOUNDS 


POURING OUT 
ier . ‘4 Materials processed with radium compounds 
E me i TH - Se ue a 6 6a oa glow everlastingly in the dark without activation 


Amn gis os ie from any outside source. 


= 


2 


ai ; ; We process with luminescent compounds, all 
Do you know the CO; content of your types of dials and other devices, in metals, 
flues? Do you know the facts about draft? plastics and glass, according to the latest Army 
Why not find out? That's easy with a and Navy specifications. Our perfected labo- 
Hays Combustion Test Set—it tells you ratory methods ensure uniform accuracy and 
the whole story in a jiffy; may easily 
save many times its modest cost by 
oe First in Radium—| nder one control—mining, 
ge refining, technical research, processing and 
creased efficiency. distribution of radium products for industry. 
It’s a practical com- . 

bination of the Hays 

Gas Analyzer—the 

fastest known—and 

the Hays Pointer 

Draft Gage — the 

pioneer dry type 

gage. 


durability of applied numerals, lettering and 
calibrations. Information and estimates on your 
specifications furnished promptly on request. 


elemen 


7, 


Send tor the new booklet, 


“The ABC of CO."—costs Canadian 


AYS CORPORATION Bre cerserstion 


630 FIFTH AVENUE ¢« ROCKEFELLER CENTER > NEW YORK 
TRUMENTS MAICHIGAN CITY. INDIANA.USA ‘ 
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EVERY DAY we are shipping these precision pres- 
sure gauges to be used in place of dead weight 
testers. They are accurate, dependable and easy 
to read. Delivery—2 to 6 weeks. 


RANGE FROM 0-60 Ibs. to 0-10,000 Ibs 








EISE BOURDON TUBE LABORATORIES 





NEWTOWN, CONNECTICUT. 









OOK ROAD 


EMERY COMPANY 


IN COLLABORATION WITH THE A. H. 





Saks 


oe ’ 
is Se . 
at 





ccuracy where it counts is main- 

tained in all Trinity Thermocouple 
Wells. We are proud to be able to 
guarantee concentricity of bore in 
solid drilled wells up to 40” long. 


TRINITY EQUIPMENT AND 


SUPPLY COMPANY 
New York, N, Y. 


f 
b 





136 Liberty Street 
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HIGH VELOCITY ELECTRONS 




















MOLY BOE NUM 
FOCUSSING TARGET 
CYLINDER 
= -=t a. 
J 
X=—RAYS 
th} rT =“ 100,000 — | VJ 


Fig. 99. The modern X-ray tube is simply a diode. It 

are of special design and material and the plate potent 
order of hundreds of thousands of volts. 
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ss 
OEFLECTING PLATES 


Fig. 100. A typical cathode-ray tube, showing the 

of the electrodes. 
is made in the form of a target as shown in Fix | 
impact so disturbs the atomic arrangement of the materia] 
(usually tungsten) of which the anode is made to caus 


it to emit energy in the form of short-wave radiation, k 
as the X-ray, the wavelengths of which rang: 
fiftieth to one-thousandth of the visible wavelen; 

The modern X-ray tube is similar to the ordi diod 


insofar as its electrodes are concerned. The electrodes 
however, are much farther apart and the potentials applie 
to the anode are very much higher, usually of the order o 
hundreds of thousands or even millions of volts. 

The cathode-ray tube used in the cathode-ray oscilloscop: 











is in some ways similar to the X-ray tube but the stream 


of electrons, instead of striking a small anode, imping 
upon a chemical coating or deposit on the inside of the e 
of the tube. The impact of this electron stream 
fluorescence in the chemical screen. 
focusing methods the electrons emitted by the cathode ar 
concentrated in a very thin stream so that only a small 

of light is formed. 
tric charges, can be attracted or repelled by electric 


magnetic fields, hence by arranging electrodes or magnets 


on either side of the electron stream as shown in Fig. ] 
and by applying voltages, or magnetic fields, thé 
stream will be deflected, depending upon the voltag¢ 
plied to the plates or coils. 

The typical cathode-ray tube shown in Fig. 100 has sev 
useful electrodes: heater-cathode, control grid, anod 


causes 


By means of suitable 


Mali Spot 


These electrons, since they carry elec- 





sembly and two pairs of deflection plates, Nos. 1 and: 


The assembly of the cathode, grid, and the focusing a! 
is known as the electron gun. The electrons furnished | 
the cathode are controlled, accelerated, and focused by t! 
other gun electrodes into a tiny beam, the cat 


To obtain a useful pattern or wave form, it is necessar 


to move the spot horizontally, back and forth across 
screen at some convenient frequency and with so! 
able motion with respect to time. This produces 
zontal line of narrow width (equal to the diameté 
spot) in the middle of the screen. 
or “sweep” is obtained by applying a suitable alternat 
potential across the deflection plates D; and Do. 

The voltage to be studied is applied across the detie 
plates Ds and D4 which are placed at right angle 
deflection plates D; and D4. Thus, under the actio 
two voltages, the luminous spot is moved not o! 


and forth but also up and down. This movement produces 


a tracing of the desired voltage wave under inspection. 
This briefly outlines the principle of the cathode-1 tube : 
Its application as an oscillograph or an oscilloscope ental | 
J 7 
ey ine 


complications that need not be considered here and 
no way affect the operation of the tube. 


The horizontal mot 
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BC OST BOILER EFFICIENCY 


BY USING THE 
PRACTICAL 


FYRITE 
CO, INDICATOR 

































FYRITE CO, readings instantly expose 
fuel wasted up the stack, indicating 
necessity of making adjustments that 
will secure the most efficient combus- 
tion. The FYRITE also helps detect heat 
losses due to air leaks in boiler set- 
tings, etc. It is indispensable to ‘‘cross- 
check"’ automatic combustion controls, 
and to assure proper compensating 
adjustments in the fuel-air ratio. The 
FYRITE is simple, rugged; has no 
valves, clamps, or leveling bottle; no 
$18. »5O compete glass parts or batteries, 10,000 










ISTRIAL FYRITES are in use 


FILTER 
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. ca KYGEN INDICATOR RETURN THIS COUPON FOR BULLETIN 340 

as I lesig n same principle on FYRITE. Learn how to get imme- ; 

r¢ n diate de liver ‘ under preortly regulation e : : 

! | Write for particulars. SS : 

= -—=. € 

di ry diodd > Nome ‘ = : 

Meee BACHARACH Ss 

tials applie F —__—-- + a ea: SS 
wife —industrial Instrument Co. Address —— 








the order 0 7000 BENNETT ST. 


PITTSBURGH 8, PA. City : State ras 
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oN HOSE WHO CANT AFFORD TO MAKE 
“of suitable ERRORS IN MEASURING VALUABLE 


oe [sfoeeo LIQUIDS CHOOSE — Kngineered by Cook 


Carry elec- 
. . this small bellows measures only 34” in diameter 
and has the ability to accurately register oil pressure 
from 0 to 400 lbs. p.s.i., and to return to within .0001 
inch at any given pressure after the maximum pres- 
sure has been applied. This is accomplished without 
a spring return since the bellows is inherently a true 
spring. This small bellows is particularly adaptable 
for instruments and other uses where calibration 
must be held to extremely close tolerances. 


electric and 
or magnets 
in Fig. 1 


the electror 


Cook “Spring-life” Bellows’ sensitive dimensional re- 
ga sponse to small increments of pressure is a matter 
irnished of the degree of flexibility within the bellows units 


rob yy the Flexibility varies directly with the number of flanges, 
1 V4 Chiye) width of the flanges and type and thickness of metals 





Lecessar used. 
4} " ' ease — 
across tem ane HEYRE ALWAYS DEPENDABLE Cook “Spring-life” Bellows may be constructed of 
some suit: 100% automatic. tinned phosphor bronze, high carbon steel, Monel, 
ces a hor: No pumps, valves, or auxiliary units needed Inconel, copper, stainless steel or beryl- 
eter of th to read them lium copper, brass and any other metal 
‘tal motior oe : to suit your requirements. Cook con- 


lodels for either remote or direct readings. struction places no limit on the number 





Accuracy unaffected by specific gravity of of diaphragms or free length of a single 
» deflect tank liquid. er 
gles to the Approved by Underwriters’ Laboratories for 
tion of the gauging hazardous liquids. 
ca fax Write for complete details 


= 
— 


st te | THE LIAUIDOMETER corp. 


) 





36:27 SKILLMAN AVE. LONG ISLAND CITY, N. Y. 


‘ 2716 SOUTHPORT AVENUE * CHICAGO 14, ILLINOIS 
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Oil Refinery Instrumentation temperature of the oil outlet will pressure valve, we find that 
| Continued from page 201 change and that the temperature in- sticking action of this viens: 
line, the pressure tap on the down- strument will reset the balanced pres- considerable trouble which = 
stream side of that valve will change sure valve. However, there usually is to determine and eliminate 1| 
its pressure, thereby repositioning the quite a long process lag and if the Btu. Now, with the proper knov | 
diaphragm valve, allowing approxi- content of the gas is changing con- measurement of flow and ff 
mately the same amount of gas to pass_ siderably (this is not uncommon) then we find that by installing ; | 
through to the heater of this unit. Now’ we find the instrument must be con- troller in this gas line ca 
if the outlet temperature changes, we tinually changing to compensate or to control a balanced V-port ‘a 
get a new loading pressure on the top hold the outlet temperature at a de- valve positioner mounted ay 
of the diaphragm, and this will give us sired point. In most cases, the con- sure definite positions for ea 


a change in pressure and volume 


fas 


trolled outlet temperature will do con- 


in loading pressure, we hav. 





to the still. siderable weaving, which in turn, if we flow controller that will hold 
This type of installation has proved follow the process through, will tend to determined rate we estab] 
satisfactory in most cases, but it does upset the entire unit and place the rest this gas has a nearly dient 
not take into account the change in of the controls on an oscillating cycle. ship between gravity ‘and Btu 
Btu. content of the gas. It is true that Owing to the conditions of the types as the Btu. content changes 
when the Btu. content changes, the of gases used, through this balanced jty changes also and the D1 
flow measurement is_ base 
% ioe. pi aire i weight of falling bodies. We t 
7 io Po ie eg a change of flow through t 
ES =¥OU CAN. a = a ae of oe plate for any slight change 
= = a cs ‘ ; or pressure. Since this is a 





TAKE IT 


WITH YOU 




















HATHAWAY OSCILLOGRAPH 
“The last word in performance and portability 


o7, wry 
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Available Soon—Order Now 


The ideal instrument for portable 
use, such as geophysical work, field 


testing, and aviation flight testing. 


Ten channels: Galvanometers avail- 


able covering wide range of char- 


acteristics: Daylight loading of 6- 


inch paper or film: Recording 


and the 


trol, rate changes 

direction, the controller will ; 
valve to compensate for thes« 

We should remember at all tir 
such a flow controller is mers 
ferential pressure controller n 
ing a constant predetermined 

in pressure across a fixed rest 
the flow line. The 
man, with insufficient 


flowmetering theory, would not ibli 


to understand this application. It is 
now to take the heater 


only necessary 
outlet temperature, 
ture controller of a suitable type t 
that temperature, and instead of « 
trolling the pressure valve as was t 
case in the first set-up, merely reset the 
control index on the flow 
And now, any change in temperature 
will call for—and get—a different 
of flow of fuels to the heater. 
This is only one case where the in- 
portance of theory is brought out. Time 
will not permit us to go through dozens 


attach a tempera 


controler 


rate 


speeds quickly adjustable: Auto- of other cases that could be readily 
; ; cited. 
matic record length control: Au- se i 
‘ INSTRUMENT SHOP LAYOUT AND 
tomatic record numbering: Simul- ROUTINES 


tancous and 


All 


viewing recording 


controls convenient on top 


panel. Early delivery. Hathaway 


Instrument Co., Denver, Colorado. 

















INSTRUMENTS 


, 
yutiine 
aver- 

and 


and 


A 


Let us take a few minutes t 
some of the requirements of 
age well-equipped instrument sho] 
to discuss some of the checking 
testing procedures. 

First, the shop or laboratory should 
be centrally located in to the 
operating equipment. 

It should be of sufficient size to ac- 


q 


respect 


commodate at least two large work- 

benches with two or more vises for heavy 

work such as flowmeter repairs. Tool 

drawers should be included. Light 

ww / benches or tables for pyrometers and 
Yfee S-12 other electrical work are necessa In 
Size 8" x9" x 18" the larger plants a clock repair mn 
is included, with a watehmaker’s bench, 

lathe and other smal] tools. A ‘arge 


part of a wall can be used for parts, 
lockers and drawers, with each s 
marked as to manufacturer a1 
each drawer, the actual part listed as 
to part number, etc. 


Another section of the room should 
contain a pressure gage tester wil! 
sufficient room to handle these rts 


average inst ent 
knowled f 

















i uence tats cree tained 

















The STEINLITE 
One Minute 
Moisture Tester 


aa “Steinlite 


ELECTRONIC 


|| MOISTURE TESTER 


tu ‘ The Steinlite is a versatile precision instrument for testing the mois- 

ture content of a wide variey of products, such as grains, dehydrated 
ods, starch, cocoa powder, moulding compounds, dried yeast, gun 

powder, cotton seed, linseed meal, etc. Models available for testing 
to 35°, moisture. 


T a 
| The Steinlite is FAST—an experienced operator can make a test ‘ 
in one minute—almost any operator in 2 or 3 minutes. WIDELY USED FOR 
il lt is ACCURATE — checked against official government oven MANY YEARS— 

Me methods. There are more Steinlites in use 
ts, ee T SE—lik , di than all other similar makes of elec 
wes z EASY TO USE—like tuning a radio. trically operated moisture testers 
pret nies | PORTABLE—light weight), neat and compact. combined. 


, . anes If you have a moisture testing 
OPERATES on the electrical impedance principle. iste te ps 


problem, write Seedburo for in 
formation. 











Ree 644 BROOKS BUILDING CHICAGO 6, ILLINOIS 
Pormul, set Rant H 


REPORTING BUREAU 











FOUNDED 1952 
— ee a | 





pAuswenr Co... 


EXTREME 


PRESSURE REDUCTION 
AND 
WIDE FLOW RANGES 


...and here’s how it’s done... the Askania Reg- 
ulator operates two control valves through 
| two series-connected cylinders, as shown in 
ithe accompanying diagram. 

By this means, steam pressure reduction 
from 200 Ibs. to a controlled pressure of 2 
Ibs. is maintained accurately over a range 
of 40,000 Ibs. of steam per hour to 1000 
lbs. of steam per hour. The installation de- 
odlel to Muler Mel mimacuiiilelti Me) s\-lecl ilo Meld 
the past eight years. 

For full details on this, or any other press- 


ure reduction problem write... 


ASKANIA REGULATOR CO. 


1605 S. MICHIGAN AVENUE, CHICAGO ~ 
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dead- 
higher 


repaired. A 
required for 


and gages to be 


weight tester is 


pressures and a water column glass for 


vacuum 


pressures 


the lower pressures. A 
is often required for 
atmospheric. 

A section is required in almost every 
shop for making and testing thermo- 
couples. Either an acetylene welding 
outfit or an electric welding outfit is 
necessary to weld the couples. Large 
shops will have both. Much care must 
be given to the forming and welding 
of couples since it is too easy to destroy 
the homogeneity of the wire during 
straightening, forming and _ welding. 


pump 
below 


Couples should then be checked against 
thermocouple. 


a calibrated standard 


This standard should be returned to 
the origina] factory at regular inter- 
vals for rechecking since it also may 
change after heating and cooling sev- 
eral times. 

As mentioned previously, a complete 
library consisting of instruction books 
and other data should be maintained 
as ready reference on at least the 
equipment in the plant. 

In the shops of the larger plants a 
full-time lathe operator is employed to 
make small parts needed for quick re- 
pairs on instruments and control 
valves. Some of the plants allow the 
machine shop to make these repairs. In 
my estimation this is strictly an instru- 
ment man’s job. Since he is responsible 





PERMOPIVOTS 


PERMOPIVOTS* are precision made pivots tipped with Permometal” ... 


a special precious 


metals alloy. Permometal is ideally suited for this purpose. Its resistance to wear gives 


the pivet extra long life and helps to keep the most delicate of instruments accurate longer, 


even under conditions of 


friction eliminates oil and contributes 


extreme vibration 


much 


Permometal’s extremely low coefficient of 


to instrument accuracy. Permopivots are 


non-magnetic and corrosion proof. Their high performance has made them the preferred 


pivot of many nationally known instrument makers.. 


and demanded by instrument buyers. 


6423 RAVENSWOOD AVE. e CHICAGO 26, ILLINOIS 


" Va PERMO Incorporated 
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Write today for complete information 











for the proper operation of 
instruments he must also kn 
dition of the valve, as mar 
sticking valve is the real ca 
proper control. Where valve 
are used the machinist se] 
how to properly adjust this ; 
which is as important as es 
part of the whole control sy 
The normal utilities are 
the shop: gas, air, water a 
ity. Suitable pressure-redu 
and transformers are needed 
pressures and voltages as re 
various forms of testing. 
Each man should be pro 
a separate tool box or draw: 
mechanic enjoys sharing pe 


with another. They will keep t tools 
locked up to prevent loss or 1 it- 
ment. 


Some of the common quest 
regarding maintenance rout 
How often should I check a 
Thermometer? Thermoc 
Millivoltmeter? Flowmete1 
Potentiometer? Pressure G 

Neither I nor anyone else can answer 
these questions without first a 
a few, such as— 

1. What is the applicat 
2. How important is it? 
3. What kind is it? 

The answers to these three tions 
will determine the proper a1 
be given to your question. 

Let us for example take a fi 
If it is properly installed on 
line of secondary importance 
is a mechanical mercury float type w 
greased pressure-tight bearing 
be considered to be as correct after 
three to six months’ service as it 
the day it was installed. However, if 
this same meter was installed on an 
oil line feed to a still and perhaps 
trolling that feed, its “correctness’ 
would be extremely important. Further- 
more, there are cumulative troubles on 
oil pressure that we do not find on 
water lines; for example, condensate 
may collect in one side or th 
of the meter, causing it to read 
correctly and causing the operat 
feed too much or too little through the 
unit. Therefore, it may be advisable 
to check such a meter for zero a 
as once each day. This is especial! 
in these times when all units ar 
ing at fifty to seventy-five percent ové 
their rated capacity. 

Next, let us take a potent 
Since this is the most accurate ins 
of measuring temperature wit! 
mocouple, instrument men who t 
for granted are incl 

Although some pot 
eters have automatic standard 
the batteries must still be c! 
slidewires cleaned, and so fort! 
add two more questions to th 
stock questions that we listed f 
meters: 

4. How much vibration is ap} 

5. How dirty is the location? 

All potentiometers have gal\ 
eters with the exception of a r 
developed type based on ele 


con- 


accuracy 
neglect it. 













rect after 


as it was 
fowever, if 
lled on an 
rhaj 
yrrectness” 
t. Further- 
roubles on 
ot find on 
condensate 
thi 


S con- 








~~ 





se with galvanometers 
y dirt and vibration. 
‘apparent, it may be 
* heck the instrument for 
i . 1 electrical balance each 

_ instrument is in a com- 
ot in atmosphere with nor- 
7 temperatures, and no 
ay run for weeks without 


will a thermocouple last 
riginal temperature-e.m.f. 
s? If someone could give 
wer to this question, or a 
| can assure you that he 

te popular. 
iples are affected chiefly 
att rie eonditions, changing 
and vibration. If the at- 
emains exactly the same, if 
tel atures remain the same, if 
vibration, and if the homo- 
the wire is the same from 
the next (and all of these 


are practically impossibilities indus- 
en we could only tell you 
it long the thermocouple will 
st a be accurate. 


yxximate life of a couple can 
estimated when all the facts are 
| then only by past experience 
lividual application. Try to 

ck a sa imit of time dependent on 
he importance of the application, and 


Hen periodically renew the thermo- 
Buples. It is not advisable to move a 
B ple from one location to another, 
to change its immersion depth, 

e the temperature gradient along 


le will change its homogeneity 
hich, in turn, changes its e.m.f. char- 


ristic 


believe that all of you will agree 
bat the plant instrument man’s job is 
tough one. Many of us can do a lot 
b make his job pleasanter and easier 
we at all times remember the prob- 
ns that he is faced with. The instru- 
nt companies can prepare and fur- 
Bsh literature. They can supervise and 
nduct short talks on certain applica- 
d equipment and, in general, 
helpful to the education of the 
vant instrument man. I trust that this 
this evening has given you 
er understanding of the problems 
faced by the industrial instru- 
rineer and the industrial man- 
works with in these various 


ns ar 


very 


Although the heading of this talk 
ber d oil refineries, it can be seen 
pat th a few changes, it can be 
nelude almost any industrial 
r instrument equipment. The 
f men required in each plant 
the procedure somewhat, but 
they have the problem of con- 
lucating instrument mainte- 
on the present equipment 
ng them up-to-date with the 
n this field. 
it tain that the post-war period 
many advances to the indus- 
ument field, so that suitable 
programs will have to be 
allow the instrument man 
to which he is entitled. 


— 
ANS 





INSULATION TESTERS 


Insulation Testers at our Phila- 


Production of “Megger’’ 
delphia factory has been accelerated and we have been able 
to reduce the time required to fill orders. At present we are 
building both “Meg” and “Super-Meg”’ types in ranges up 
to 100 and 1000 megohms with 500-volt hand-cranked 
generators. We continue to supply various other types and 
ratings of “Megger’’ instruments as formerly. 

f If you now have need for any type of “Megger’”’ tester, let 


Trade Mark Rex. 


U. S. Pat. Off. us know and we will give you the latest delivery information. 


Ask also for Bulletin 1735-1. 


JAMES G. BIDDLE CO. 


1211-13 ARCH STREET - PHILADELPHIA 7, PA. 
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The Mark of 
Effective Control 


Process Control for sensitive, stable 
automatic control of temperature, 
pressure, liquid level,flow and other 
factors as applied to industria! 
processes. Responds to changes 
quickly, without overtravel or hunt- 
ing. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but complete for providing econom- 
ical operation 
of boilers of 
200 h. p. and 
larger. Details 
in Bulletin 
No. 102. 


Boiler Meters 
for recording 





combustion 


Recorder-Controller 


conditions and 
guiding boiler operators. Described 


in Bulletin No. 44. 


Mullti-Pointer Gages for indicating 
factors such as draft, pressure, tem- 
perature and speed. 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 
struction. 


Flow Meters for indi- 
cating, recording and 





integrating the flow of 


Control Drive 


steam, water, sewage, 
air, gas and other fluids. Bulletins 
No. 39 and 300. 


Recorders for pressure, temper- 
ature, drafts, liquid level and other 
factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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Quick-disconnect Thermocouple 


for Cylinder Heads 


7 New insertion type or “em 
bedded” type unit, when in- 
serted into a strategically 


located well, is said to elimi- 


nate or supersede spark plug 
gasket thermocouple. There- 
by, it is said, new couple 


fulfills primary purpose of 
cylinder head 
determination, i. e¢., to as- 
certain any local condition 
of overheating from _ poor 
airflow or other causes. Orig- 
inally designed and 
engineered by undersigned 
company, quick-disconnect 
bayonet unit has been re- 


temperature 





leased royalty free to. the 
aviation industry. Thermo- 
couples are available as 


individual units or any 
number woven as an integral 








part of a harness for com- 
pact and simplified multi- 
cylinder installation. The 
Revere Co., Dept. I, P.O. Boa 


304, Wallingford, Conn 


Fluxmeter 
New “Electronic Permeability Compara 
tor” for convenient testing of permanent 


magnets is said to be a new electronic type 
originally 


of fluxmeter developed for 





> 
A - 


v7, avy 


maker’s own purpose as an aid in produc- 
tion of radio and radar instruments: it 
served this purpose better than “any other 
device” maker therefore made 
available to manufacturers, lab- 
oratories, ete. It may be used for checking 
and comparing the magnetic flux of per- 
manent magnets of any shape or type. De- 
signed primarily for checking the 
tion of special Alnico instrument magnets, 
new fluxmeter can be used for comparing 
various types of magnet steels and magnet 
alloys. Different sizes and shapes of search 
coils may be used, of these 
coils being small enough to insert in the 
air gaps of assembled instruments. This 
new permeability comparator has no moving 
parts (except the indicating instrument). 
Ie employs a special vacuum-tube circuit 
operating from commercial a-c supply. 
J. Thos. Rhamstine, 802 Beaubien St., 
Detroit 26, Mich. 


used, is 
research 


satura- 


some search 






Power Relays for Ek: 
Circuits 

New “Type 27” 

electronic circuits 


multi-pole relays, is 
construction, 


ronic 


telay, 
which 
said te 
extreme _§ efficie 











contact capacity in re- 
lation to size, for serv- 
ice on aircraft and 
mobile equipment 
where vibration is en- 
countered. Each blade 






is carefully shimmed 
to correct adjustment 
which does away with 4 
bending of any of the 
metal parts and thus 
retains the original 
metal structure, Gen- 
eral specifications: Size: 1-, 
relays, approx. 1 %” xX 1 
five-pole relays, approx. 2” 
high. Weight: 4% to 6% oun 
and acceleration: 109. Conta 
up to 10 amp., depending 
power and on coil and circuit 
tics. Contact pressure: 30 t 
Temperature humidity; ele 
spray test; to usual aircraft 
G-M Labs., 4326 N. Knoz, Ch : 


































Fluxmeter 


New fluxmeter, for measurin 
density or the total magnetic fi 
netic circuits in research, 
production work is said to b 





magnets or 
used. It is sil 
and } 
With 


wherever 
tromagnets are 
light-beam galvanometer 
pension-type element. 
(easily constructed by user) 
making a wide variety of magn 
surements, Seven interchangeable 
meters are available, with 
characteristics whereby flux 
from 101 to 3275 lines/mm. aré 
on the 300-mm. which 
50-0-250. Galvanometers are of 
pensated” type whereby restoring 

the suspension is, for all practica 
eliminated, resulting in a fluxn cor 
struction said to be “excellent for I 
electric measuring instruments, c¢ 


permanent 


scale 


_ 
tion apparatus, motors and gene! io 
contactors and relays. After a fli na” { 
has been indicated, the light b« ne 


remains at the point, giving ampli 
accurate readings.’’ Control box 

























k wit ‘The Invisible Crew’'— precision equipmegt which 


In chemical industries, synthetic 
rubber plants, oil refineries...any 
plant, piping precious or poten- 
, tially hazardous fluids. ..a mistake, 

whether unintentional or deliber- 
ate, in adjusting a chemical pipe-line valve can prove both 
dangerous and costly. But prevention of these human errors 
is easy and infallible with BENDIX-CORY* SAFETY INTER- 
LOCKS...the locks that say “No!” to unauthorized 
handling of your valves. 


2 The BENDIX-CORY SAFETY INTERLOCK illustrated 


gives absolute control over the opening and closing of the 
valve to which it is attached... and, by use of an interlock 
key, can also control the position of this valve in relation 
to any number of other valves. The unit is wholly me- 
chanical, and fully adjustable to compensate for valve wear 
—one of a number of interlocks specially designed for 
valve protection. 

As safety men of the Bendix “Invisible Crew,” 
BENDIX-CORY SAFETY INTERLOCKS are dependable 
guardians for your pipe-lines. Write for full information. 


—E FEA 


Fave teens 
removin 


CHECK THES 


2” to 8”. Other in- 
d porcelain valves. 
g and 


stem valves 

terlocks for globe, lead an aagnn 
Absolute control of valv 

closing under all conditions. . 
Positions valve in relation oo 
Ample strength characteristics, 


interlocks 
Positio 


en 
other valves- valve Op 


Products of this division are members of 


30 Bendix plants from coast to coast are speed- 
ing to our fighting crews on world battle fronts. 





g valve 
Fully mechanical. 


Adjustable com pe 























TURES 


installation without 


or outdoor 
from service. 
No electric © 


(not shown) sh 


ircuit. 
ows 
n indicator ’ 


or closed. | 
nsation for valve wear 
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REGULATED 
POWER SUPPL 


Tis power-supply unit is used in elec- 
tronic research and development lab- 
oratories for amplifiers, television pulse 
generators, constant-frequency oscilla- 
tors, high-speed electronic counting 
devices—wherever moderate amounts 
of d-c power are required within the 
voltage range of from 250 to 450 volts. 

Designed in the famous G-E labo- 
ratories, this is only one of the new 
General Electric line of ELECTRONIC 
MEASURING INSTRUMENTS. A wide 
choice of compact apparatus for ser- 
vice maintenance and research include: 
G-E unimeters, capacitometers, audio 
oscillators, wide band oscilloscopes, 
square wave generators, signal gener- 
ators, and other units for measuring 
electronic circuits and checking com- 
ponent parts. 


e We invite your inquiry for G-E electronic 
measuring equipment made to meet your 
specific requirements 





FREE 
CATALOG 


ELECTRONICS 
DEPARTMENT 


GENERAL ELECTRIC CO. 


Schenectady, N. Y. 

Please send, without obligation to 
me, the General Electric Measuring 
Instrument Catalog, I-4 (loose-leaf), 
for my information and files. 


Vame 


Company 


Address 





GENERAL @ ELECTRIC 


177-C4Aa 


Electronic Measuring Instruments 
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dry cell resistors, rheostat, push button 
ind switch, provides a means of returning 
spotlight index to zero after a measure- 
ment has been made, It also provides a 


means of introducing a voltage into the 
electric circuit to compensate for small but 


undesirable spurious voltages that may 
otherwise cause errors in high-sensitivity 
instruments of this type.—General Electri 


Co., Schenectady, N. .¥ 


Vibration Fatigue Tester with 
Automatic Cycling 

New “Model 10V” vibration fatigue 

testing machine features automatic cycling, 


handles parts or assemblies up to 10 Ibs 
in weight. is said to be ideal for plants 





making small electronic, electrical and 
mechanical parts. Table (8” &* 8”) has 
drilled and tapped holes for attaching work 
to undergo test, is mounted on V-frame to 
minimize stresses on eccentric and connect- 
ing rod. Vibration mechanism runs in an 
oil bath. Vibration, in simple harmonic mo- 
tion, is produced vertically. Acceleration, 
or rate of change of velocity, is controlled 
automatically by a device which changes 
frequency from 10 to 55 eap.s. (600 to 
3,300 vibrations per minute) and back to 
10 e.p.s. continuously and uniformly, com 
plete eycel requiring one minute, Accelera- 
tion can also be adjusted manually fron 
10 c.p.s. to 60 e.p.s. Frequencies are indi- 
cated on aé_esensitive electric tachometer. 
Maximum capacity is 37g (approx.). Base 
is drilled at corners for bolting to a bench 
or studs set in concrete. Unit is powered 
by ™ h.p. 110-v. 60-cy i.c. split-phase 
motor 1171 American Tool & Mfg. Co., 1014 
Fullerton Avenue, Chicago 14, Illinois 


[Thread Pick-up Projector 

New thread pick-up projector is an 
optical device for pre-setting driving dog 
on pre-threaded work, so that when such 
work is placed in grinder, grinding wheel 
enters trough of oversize thread to remove 
finishing stock from both flanks without 
further adjustment. No time is lost in 
operation since it is performed on each 
piece while preceding piece is being ground. 
Device is said to greatly increase productiv- 
ity of thread grinders, effect important 
economic and improve quality of ground 
threaded parts It is a rugged special- 
purpose projector designed particularly for 
shop use, and permit beginners to pick 
up the thread after a few minutes’ demon- 
stration. Unit simplifies this operation, 
“ te | 

| 


| 





making it practical to fol! 
“precut—harden—finish 
duces grinding time becat 
of grinder will meet most 
quirements, Wheel and di 
prolonged. Case-hardening 
used instead of tool ste¢ 
thread angle and root de 
same setting by means of 
viewing screen at top. P 
modates work up to 414’ 
long, will work in conjun 
thread grinder. Image is 
even in rooms brightly illur 
light. No hood is required, 
with a 60° V_ plus other 
indicate depth of root on 
tional Threads. Supplement 
on same screen permit Ac 
worth Threads to be pick 
screens are also available. { 
Co.., 200 N. Laflin St., Chic 


W inding-insulation Tester 


New winding-insulation t: 
duction-line testing of faulty 
winding dissymmetries in mo 
tors, coils and transformers, 


ciple of balance and comparison 
ously tests turn-to-turn, coil-to 


coil-to-ground insulation. It simulat 
tatively such procedures as resist 


pedance-balance, turn-balance, and 


plete high-potential tests with one 
application. It is said to be parti 


sirable for testing completed windin 


three-phase low-voltage rotating 


although it is capable also of 
windings of single-phase, two-p! 

d-c. motors and transformers whos¢ 
sulation is not designed to withstand n 
than 10 kKv. when used to test three 
phase motor, its three leads ar‘ necte 
directly to the three motor leads. After t 
circuit in tester is erergized, any two phas 


of the motor (1-3, 2-3, 1-2) can be 


quickly by means of a four-posit 
operated selector switch on front 
ment. Short circuits or grounds in 
of winding are indicated on the os 
by two waves dissimilar in shap¢ 
plitude. Single-phase motors are t 
larly, and d-c. motors by bar-to-! 
parison methods. In both cases, 
between the two waves on oscill 
dicate presence of faults. New t 
sists of a repeating-type surge-volt 
erator, a cathode-ray oscilloscope 
chronously-driven switching equip! 
enclosed in a steel cabinet desi 
bench mounting. Oscilloscope is m« 
eye-level and all controls are con’ 
arranged. Adequate safety protect 
been built into equipment.—Spec 
ucts Division, General Electric C 
nectady, N. Y. 

























































































=e ster 
















oltage-regulated 
Vower Supplies 


100 Series’ power supplies 
construction: ‘‘Model 1100” 
jel for use in laboratory ; 
is designed for rack mount- 





ise series regulator circuit. To 
noise level and better regulation, 
two-stage control circuit is 

L of conventional single-stage 
eh-voltage output can be shifted 
range of 225 to 325 v. by con- 
front panel. Maximum current drain 
from 225 to 300 v. and 180 ma, 


ror 325 v.; sum of all a-c. com- 
pone! present in output is < 5 mv.; 
char n voltage output from no load to 
full {is <— 1 vv. Primary of poyer trans- 
form¢ tapped for use at 105, 115 and 
125 v. on a 50-60 cycle source. An unregu- 
lated heater supply winding of 6.3 v. at 5 
aml furnished.—Communication Meas- 
urements Laboratory, 116 Greenwich St., 
New York City. 


Thunderbolt Counter 

“An electric gadget that writes with 
lightning on a plastic slate.”” These are the 
opening words of maker’s announcement of 
anew instrument which enables power com- 
pany engineers to get an accurate record 
of the lightning strokes that hit their lines, 
thus showing the spots where protective de- 
vices are needed. Invented by Dr. Leo Finzi, 
2 research engineer for manufacturer, this 
thunderbolt counter will also aid scientists 
seeking more accurate statistics on fre- 
quency of lightning strokes. Not much big- 
ger than a playing card and weighing less 
i whole deck, it has two strips of 





ACCURATE | 


FIXED WIRE-WOUND RESISTORS 


ae gant aye} 
por \ % uae 








Au standard ranges from a fraction of an ohm to! 


10 megohms. For: 
ELECTRONIC CIRCUITS 
INSTRUMENTATION 
RADIO 











CONTROL APPARATUS 
HIGH-VOLTAGE MEASUREMENTS, ETC. 
Standard tolerance 1%. (Commonly calibrated to 
an accuracy of 0.5, 0.25 and 0.1 of 1%.) 
Write for Shallcross 
AKRA-OHM Catalog. 
ASSHALLCROSS 0 Ce OO 
a ACHE) Oa On) Ceo eC) Ce oo em en a8, ic 
Collingdale, Pa. 
, j 
SHALLCROSS SHALLCROSS * SHALLCROSS 
INSTRUMENTS BOND TESTERS : PRECISION SWITCHES | 





Oe 


April 1944—I/ nstruments—Page 23 














SMALL and 
RUGGED-—«: 
SENSITIVE and 
ACCURATE! 


The MJL No. 163 
RATE OF FLOW INDICATOR 


(Differential Type) 


EASILY READ 
* 


EASILY INSTALLED 
* 


REQUIRES LITTLE SPACE 


31/4,” in diameter 
4” long 


* 
HANDLES HIGH PRESSURES 


Can be furnished for use 
with line pressures up to 


1,000 Ibs. psi. 
* 


WILL WITHSTAND 
EXTREME OVER RANGING 


Unique rupture-proof Bellows Unit 
takes the place of the mercury 
column commonly used in instru- 
ments of this type. 


Write for Illustrated Bulletin No. 163-1 


MOREY & JONES, LTD. 


Industrial Instruments 
922 South Hemlock St. 
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etal foil 
transparent 
number of 
teeth 


enclosed between two pieces of 
plastic. One foil strip has a 
teeth cut in its edge, points of 
being a few thousandths of an inch 
from straight edge of second strip. When 
lightning strikes a power line, a small part 
of the current is sidetracked into the 
counter and always picks out the easiest 
path—the tooth whose tip is closest to the 
straight-edged strip. As current leaps across 
this gap, spark black spot on 
clear plastic and burns away tip of tooth, 
so that next discharge will choose another 
path. “The counter never makes the error 
of jotting down two hits for a single thun- 
derbolt, Dr. Finzi claims, because no two 
of the gaps between the two strips are ever 
exactly the same. Experiments with man- 
made lightning in the laboratories have 
shown that the lightning current always 
selects the easiest gap without hesitation. 
Though the difference in size between two 
gaps may be smaller than a ten-thousandth 
of an inch, there is always one path which 
is the easiest. As soon as the spark occurs, 
the voltage in the strip drops and another 
spark will not occur until lightning strikes 
again.”’ New counter is easily fastened near 
bottom of a power line tower so black dots 
burned on it can be counted in a few sec- 
onds by a lineman or an engineer. It will 
keep a record of lightning strokes safely 
by-passed to ground by protective device at 
that point. When placed at towers along 
unguarded transmission lines it will disclose 
most-frequently-hit spots that require pro- 
tection by arresters.—Westinghouse Elec. € 
Mfo. Co., East Pittsburgh, Pa. 


scorches a 





Manometer for Calibrating 


Pressure Instruments 
“Type CTE-503 Precision Manometer” 
three liquids of different densities to 
obtain accuracy over a wide range of pres- 
sure and still keep meniscus at eye level. 
Designed as a standard for calibrating air- 
eraft airspeed indicators, pressure gages 
and differential pressure gages, new man- 
ometer is suitable also for use in many air- 
craft and industrial test applications. Scales 
can be provided to read in miles per hour, 
knots, kilometers per hour, inches of wa- 
ter, inches of mercury, etc. Each column 
is provided with an overflow well at top, 
with a capacity 500 greater than entire 
system. If operator inadvertently ap? 
plies too much pressure to a column, liquid 
is forced into safety well and the air bub- 
bles past. As soon as pressure is released, 
all the liquid drops back into the system, 


uses 


It is said that highest 
obtainable has been 
tical operating features. Eac} 
vided with an easily adjustab] 
handle. A 
permits adjustment and 
to this, a rubber tube passir 
set of rollers is employed f 

justment. A simple on-and-off 
cycling easy.—Kollsman Inst, 
Square D Co., 86-08 oth i 


ie of 


degree 


combine 


specially-designed 


i 


close 


Speed Indicato: 
New “Jaeger Speed Indic 
well-known principle of addins 
tions over a set period but is 
ment produced in America f 
time. It consists of a watch m< 
bined with a revolution count: 
way that revolutions are tims 
six seconds. This count, multi; 
gives the revolutions in one 
scale is calibrated in r.p.m. Tw 
available: No. 930 for all spe 
2000 r.p.m.; No. 935 for speeds 
r.p.m. In low-speed instrument 
of hand on large dial indicate 
readable to 0.5 r.p.m. and one 


= ¥ Si 


indicates to 1000 r.p.m. In tl 
speed instrument large dial is 0 
r.p.m. readable to 5 r.p.m. and 
indicates to 10,000 r.p.m. In oper 
strument is held as shown and 
with suitable tip attached—is pl! 
center of shaft under test. Spindl 
tate, but hands will 
When ready to measure speed, pre 
and release it. 
after six seconds will stop automati 
points which show average speed 
the testing interval. Hands will rem 
this position as long as desired. Wt 
ton is pressed again, hands return 
and watch is wound. Releasing butt 
watch for next test; therefore, it 
necessary to return hands to zero 
ready to make next test. Hands m 
in a clockwise direction no matter 
way spindle rotates. Automatic c 
mechanism and indicating dials sta 
on or two seconds after starting bi 
been released, to let the watch co! 
normal speed. After exactly six st 
combined running, counting mec! 
automatically disconnected from s] 
hands stop at positions which 
average r.p.m. during the 6-sec. 
Watch stops two or three second 
Thus readings can be repeated at int 
of ten seconds or more, Accuracy 
servatively guaranteed to be 0.5% 
above 5% of range. Spindle of inst 
terminates in a pointed steel tip. 
sory tips include a separate rubbé 
tip, a rubber funnel-shaped tip and 
ber-tired wheel 6” in circumferenc: 
gives f.p.m. readings. Case for Ir 
and accessories measures 314” X 4 
1144”, Combined weight of instrumé 
cessories and 


ease is 11 oz.—Ja) 
Biddle Co., 1213 Arch St., Philade 
Pa. 


dial 





remain  stationar 


Hands will now rotate 








n the 

is 0 to 1 
1d small dial 
per t 

nd ing] 
is placed 


indle will r 
1 stationary 


buttor 


press 


w rotate 


omatically at 


speed 
ll rem 
1. Wt 
turn te 
buttor 
Se, it 
> zero 
Is move 
1atter 


tic cou 


$ start apou 


dnrdy 
luring 
ir 

n but 


ger 


t 


on, in- 


ge button | 


con 
K sec 
echalr 
) Spl 
ich 

ec, 

cond 


at interval 


“aC 









od Small-parts Counter 
Counter” is a modified scale 

ge numbers of small parts 
nd precision.” Essentially, it 
tio scale said to be built to 





balance and accuracy. When 
balance, number of objects in 
1 bears a predetermined ratio 


aS r of objects in sample pan. Since 
cal icy is 0.001 ounce (far less than 
individ weight of objects customarily 
inte curacy of count is limited only 
y af ieviation from average weight— 
ich d ition being minimized when plus 
land 1 errors cancel each other ac- 
cordin » laws of probability. In opera- 
tion, parts to be counted are placed in 
unting pan and brought to balance with 


counted number of parts in sample pan. 
4 magnetic damper brings scale to a quick 
top in spite of its 0.001-oz. sensitivity. A 
ignifving glass permits quick and ac- 
curate reading of balance indicator. New 
Micro-Counter is an obvious time-saver in 
dispensing small parts or in taking inven- 
tory: can be used also at counting sta- 
tions to count pieces in bucket of large 

inting scales used for counting small 
parts.—John Chatillon & Sons, 87 Cliff St., 
New York, 7, N. X. 


Heavy-duty Rectifier for 

Airplane Equipment Tests 
New “Amsco” rectifier is said to be 
enough to operate modern heavy- 
duty aircraft gun turrets.” Extra-heavy 
inrush current required can be delivered 
while ample voltage is maintained to pre- 
ent drop-out of turret relays. ‘“No-load” 


Voltage is said to be within safe limit of 
any delicate electronic device or other elec- 
trical equipment in a plane. Rectifier pro- 
vides all power needs for ground crew in 


testing planes of all sizes; provides voltage 
control with a ‘“No-load” limit that may 
be se t and locked to prevent tampering. 


Rectifying element is of ‘self-healing’ dry 


disk magnesium-copper sulphide type. No 


bulbs or tubes are required. Bridge circuit 


is entirely insulated from primary. Three- 















THE NAME THAT IS HELD IN HIGHEST ESTEEM 















FREQUENCY 


YCLES PER SECOND 
100-125 VOLTS 


HOR ELECTRICAL INSTRUMENT CO. 
Ane ONO 


* Tuned Circuit Type * 








¢ HICKOK Frequency Meters are de- 
signed for accurate indication at stand- 
ard frequencies. They are built with 
electrodynamometer movements. Tem- 
perature error is controlled within neg- 
ligible limits. Accuracy is within 2/10 
of 1% at normal frequency. Used by the 
Armed Forces for maximum depend- 
ability. Made in 4”, 5” and 6” sizes. 
Model S-49 illustrated, is made for nor- 
mal operating voltage of 100-125 or 
125-150. Write for copy of new meter 





| catalog. 





THE HICKOK ELECTRICAL INSTRUMENT CO. 


10519 Dupont Avenue, Cleveland 8, Ohio 




















a a a aa 
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THE STANDARD OF QUALITY FOR A THIRD OF A CENTURY 
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phase rectification guarante,s 
output, which can be quickly : f 
rotary tap switch connected in } 
cuit. Thermal protection is pi , 
overload or overheating, F 
air circulation. Cabinet is ds 
weather use and provided wit 
MOTOR OP RATED compartments for cables. A 
= E easy moving on 6” ball-b: 
Standard model has capacit 
volt it 200 amps with 4d 


ing inrush of 1200 amps: a 
R ing of 400 amps and contir 
F 0 200 \-c. volts are 50/60 ey 


160. Optional rectifying unit 
volts and 10 to 14 volts are 
INDUSTRIAL SERVICE Airplane Mig. & Supply Co 


kershim Blvd., North Hollyy 


BARBER-COLMAN 




















Barber-Colman electric motor-operated Valves 


offer a number of advantages for all types Magnetic Compara‘ t 
of process and other control systems asso- New magnetic comparator 
ciated with industrial equipment. They will trolling quality of ferrous | 

; ; : a size and shape. Test is nor 
provide reliable shut-off for gases and liquids when part to be tested is pla 
because of positive power-driven seating, and which has been balanced elect 


. standard part, comparator 
ss i = : ‘ , s difference in the two parts w 
tioning for proportioning service. Current the magnetic flux linking t 


can also provide accurate motor-driven posi- 


is consumed only when the valve is changing rounding them, Differences n 
position. Motors are available for either low- ee oe A niaggering veg - 
voltage or high-voltage lines. These valves sia ten prondoncn ns iol pen 
are made in a wide range of sizes and types, ference is shown as_unbalar 
parator’s zero-center indicatin 


Comparator is said to be suf 


for accurate, dependable service. 


Write for Bulletin 
TYPE FYBA “CONTROLS for INDUSTRY” 


SEMI-BALANCED VALVE 






SL) 






BARBER-COLMAN COMPANY 
1202 ROCK ST. e ROCKFORD, ILL. 








RUBICON PORTABLE 
PRECISION POTENTIOMETER MINERALIGHT 


Ultraviolet | 
Black Light Lamps sitive to Pore between ater 


hardness varies as little as 
Rockwell when hardness differe: 
sole variable. It consists of a vari 





ige transformer, a sensitivity cont 
stat, coarse and fine balance cont 
stats ind the required = cay 
mounted in a portable steel 
center indicator, control Knobs 


sary switches are located on front 
Test fixtures furnished with n 

tor are two air-core coils; but 
face conditions permit and part 
large for suitable coils, two 
can be furnished for contact me¢ 
These fixtures are interchangea 
ire equipped with flexible leads 
nectors. Coils are <evailable in 

sizes, thereby widening range 





hl 
t 





Available in a number of double-range 


combinations, such as 1 volt and .1 volt, es aes if 
tions, since comparator attains 1 


; : J . 
100 MV and 10 MV, also in pH ranges For Mineralogy and Metaliurgy sensiitvlty in. testing when. inetd 
Guaranteed accuracy .1%. An outstand Chemistry and Pharmacy of coil closely approximates that 
ing value A ? being tested. Operation: Two part 
Described in Bulletin 270 which als Museums and Libraries size and shape selected from 
describes Rubicon High Precision Type B Si : icceptable parts are placed witt 
ice Miia iaiaaies P and many other applications in where they are held in the san 
pais gee sp . " positions by wooden jigs (design 
We also make galvanometers, colorim- Science and Industry Next, by adjusting sensitivity 
eters, permeameters, Wheatstone and and fine balance, comparator's 
Kelvin Bridges, resistance standards, coil Gireat variety of models balanced to give a zero readir 
testers, arcronogra »hs. ic J cator. One of the acceptable part 
cronogray Prices from $24.75 up vaillineedl: tee Was ware Ga: ba Geel 
Descriptive bulletins available on request , ° , oa ee the direct current provided by thé 
q Write for 16 page 4-color catalog rectification (which is essentially; 


RUBICON COMPANY L ORP ference in current between the « 
Electrical Instrument Makers PHOTOVO T C sd ae pt re sagem pos ge age se 


Ridge Ave. at 35th St., Philadelphia, Pa. 95 Madison Ave. New York (6,N.Y. tested, Special Products Div 


Electric Co., Schenectady, N. Y. 


—K OD AHA AA HH we Re 











Page 240—I nstruments—Vol. 17 








oiler Meter 
Ratio Meter’ is of the 
w type. Several important 
laimed: Operator can es- 
air supply to fuel suppl) 








steam generated) most favor- 
irticular operation by means 
ijustable cam in air flow 
Juick and easy reading is pro- 

1 indicating pointer operating 

ite 10” seale (no need to 

ly position of pens to deter- 

iir is excessive or insufficient, 
ment of pointer is 3 times as 
fferences between pens). Steam 
nism is that of maker’s stand- 
flow meter, operating on null 
neiple. Air flow mechanism is 
Hays slack diaphragm, equipped 
tric motor follow-up for ample 
hrane Corp., 17th St. and Alle- 
Philadelphia 82, Pa 


Gas Analyzer 
Point Gas Analyser” continously 
, COo, CO and He in combus- 
ses, Chemicals, fragile glassware 
parts in the analyzing unit are 


ANY AIR EXPRESS shipment that’s packaged, labeled and ready to go 
A siouLD Go! Don't let it sit! Call arr Express right away...instead 


of waiting for “routine” afternoon pick-ups. Your shipment thus avoids 
end-of-the-day congestion when Airline traflic is at its peak. That's 
the secret of getting fastest delivery! SHIP WHEN READY! 


And to cut costs — AIR EXPRESS shipments should be packed 





compactly but se urely, btain the best ratio of size 


to aiid ) 


A Money-Saving, 
High-Speed Tool For 
Every Business 


As a result of increased efficiency developed to meet wartime demands, rates 
have recently been reduced. Shippers nationwide are now saving an average 
of more than 10°¢ on Air Express charges. An r Expres hedules are based 
on‘ hours’ ’.notdavs ind weeks—with )-mile-a-minute service direct to hundreds 


of U.S. cities and scores of foreign 


WRITE TODAY for “Vision Unlim 
stim ilate the thinking of every Gx tive. 


230 Park Avenue, New York 17, ee 


Instrument operates. directly 
ipply. Recorder may be located 
ured distance from sampling 
nstrument can be furnished with 
warning-signal or automatic- 
lits. Analysis principle is direct 
onductance' of 
that of a reference gas, o1 
thermal conductance of 

and after chemical absorption vy 

This principle permits units Phone RAILWAY EXPRESS AGENCY, AIR EXPRESS DIVISION 


ed to meet many special prob- 


2 unit a continacus gas Representing the AIRLINES of the United States 


—s ow a maaan 





sample is drawn into the 

means of a water bubble 

meters it as well as the ai 
required for combustion ir 

procedure, In all applicat 
recorded directly without co 

terpolation. Upkeep is said 

tine nature not requiring 
technically-trained man. Re 
matically connected to circui 

ysis cell in succession, du 

connection being one minut 

additional time lag between 

gas sample flows continuou 

cells. Continuous record is 

10” strip chart, with four 

trations (one for each gas) 

ferent colors and numbers. 

Y ; odes 

OU don’t need tools to replace the | S7ument Co., Ine. 3732 
Yfrrmn in this new DRAKE No. 85 Ferminal, How Fork Oty. 
Jewel Light Assembly. For the jewel 

holder or bezel can be removed and re- 50-ampere Rela 


NEW a ‘ : placed with the fingers. A simple locking New solenoid type 60-amy 
5 device makes the unit vibration and shock- fa:* aN 
lay is said to be characteri 


‘ Ae ee: ‘oof. 3 bre washers compensate f s ae 5 : 
: Gi proof fibre A shers ‘ ipensat for weight, rigid construction and 
zs various panel thicknesses. Washers can be , : . : 3 
" , sabe a . ing efficiency. This relay ha 
. - a eliminated on 4%” panels, thereby making 


7 oped primarily for the aviatior 
the lamp as accessible as when the unit ° 3 ; ea oe er. ae : 
A a trolling circuits for landin 
: ; ‘ is used on \e” panels, Other big features : a Beis 
i ’ A 7 ‘ Ps ‘ : 5 pumps, gun firing controls, 
y are: 1. Complete, uniform illumination : : abe 
ver tl ntire jewel area; 2. Complet said to have many civilian 
( 3 « e e e Se ares ae Te =r" > 
; aim * w well. Weight is below 0.6 Ib. I 
blackout, not a pinpoint of light showing. 
; stand a surge load of 400 ar 
A simple, easy quarter turn to left and “ee 
. é injury to contacts; its leads ar 
right produces these changes. Our newest = : . 
“one ee 8 pea tected” and it will withstand vibr 
catalog is just off the press : aaa 
tal excursion 1/16” in any dir 
to 55 cycles per second.—The 
Co., Hamilton St., Hartford, Cor 


PILOT LIGHT ASSEMBLIES 


“Universal” Rotameters 


New “Universal Rotameters” 
sign refinements, among them 


piece frame construction has beer 
) t A K F Mi A N lJ F A a T lJ 7 N G C 0 new type universal end-fitting 
& 25 different piping hook-ups. |} 


be turned to permit horizontal 


rae WEST HU BB ARD Se CHICAG Oo 2 2. aS. x exactly 90° apart (all Rotamet 


vided with connections for inst 
vertical pipe lines). Tubes may 
without taking meter or tube 
line, even with vertical connectior 
lined surfaces easier to clear 
out. Exceptionally rigid frame 
quate support to the glass tube 
pipe distortion. Plastic protective 


| 


4 eR mT TEE AOS 
: anit 


ote 


In a few mo- 
ments the ver- 
satile VIBRO- 
TEST will re- 
veal potential 
breakdown of 
insulation and 


PROTECTED and f tall d 
UNPROTECTED | of costly re. 


TUBULAR SLIDE- pairl Model 20! VIBROTEST 


CONTACT RHEOSTATS ? 
WITH SELF-LUBRICATING Just a mere press of button is all 


CONTACT BRUSHES . .. no grinding of a crank to get the 
ADJUSTABLE test voltage. The VIBROTEST is sim- 
H over standard glass tube when des 
RESISTORS ple and convenient to operate . o> | Se etme lee to 
compact and easy to carry. Write top of glass tube to prevent break 
PROMPT SHIPMENTS for engineering bulletin. sudden flow surges. ‘It is said tl 
accurately cut slots in rotor head 
to spin in the fluid, rotor remains 
REX RHEOSTAT co. et 4 ‘ R eer tee of fluid stream so that there is n 
BALDWIN, L. l., N. Y. Assoc 1ATED ESEARCH ed or wear. Removable rotor stops 


-o 239-8 80.GREEN ST CHIEAGO itt Us bottom—are provided. All tubes 
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its 





ee 


Pe ae 





s-relieved and polariscope- 
nd rotors for each size 











t standard and interchange- 
¢ calibration marks is prac- 
: er entire length of tube, 
uracy even at flow rates 
. ff maximum. Heavy-wall 
tube is said to be capable 
igh pressures and is highly 
corrosion and thermal 
a n be made of any suitable 
4 ng glass. End fittings for 
' standard fotameters for 
: service can be furnished on 
\vailability: Most require- 
wered by factory assembly 
frames and end fittings 
its and, since these parts 
Cent n many sizes, shipment can 
rt notice Schutte & Koer- 
( & Thompson Sts., Philadel- 
a 
: Tube Cutter 
, 912-F Aviation Tube Cutter” 
level. : ientifically designed to make 
°on-ae ht angle cuts essential to per- 
ms flares. It cuts aluminum, 
| tions 
I l with 
with 
re lly pr 
t tion (+ 
of 
€ ] Mi 
Yon 
. y, copper, brass or steel air- 
in sizes from \,%” to 1-1«” 
neters ter. Tubing rests against two 
, tating operations and prevent- 
* h rubbing. A special flare cut- 
Y os : in rollers enables operator to 
R ’ lamaged flare with minimum 
Fittiy enact: ste and it is said, frequently eliminates 
} EV Se lacing the tubing. A convenient reamer 
te ee ving burrs is a part of the tool. 
stallations ir I al Brass Mfg. Co., 1200 W. Har- 
y t ; ts Chicago 7, Ill. 
; Magnetic Voltage Selector 
g New Magnetic Voltage Selector was de- 
loped for a new electroplating process, 
ng aluminum on a.c., but is said 
iny other uses where like appli- 
I at 
uk f urrent are required. Selector is 
u ferring in steps from 2 to 40 volts 
ud sé ArT ent is such that when transfer- 
iS ni mn contact opens before secondary 
a te ens, and closes after secondary 
, pont losed. Arcing is thus effectually 
g é ' 


New unit embodies automati 




















SOLDERING DANGERS VOIDED 
WITH “COPROX’’ RECTIFIERS 






@ Assembly is simplified, and 
overheating virtually eliminated, by lead wires 
soldered in advance to contacts on the three ‘‘Coprox” 
(copper oxide) rectifiers shown at the bottom of the 
panel below. ~BX-22.3 contacts are solder-filled in 
advance. The BX-100 has a nut-and-bolt contact. 
Other ‘‘Coprox’”’ features include gold coating on 
the positive contact surface of standard copper oxide 
“pellets”... high leakage and low forward resistance 
. . . adaptable mountings 
and high test standards. 















conservative ratings 







Broad experience with rectifier applications, and 
with circuit design and manufacturing problems, 
prepares Bradley to accept and meet unusual spe- 
cifications for ‘‘Coprox”’ Ask 








rectifiers. for details. 















BX-22.3 Double bridge __rectifie 


with current and temperature-cur- 















rent characteristics balanced 

better than 1 over a range 
40°C to +70°C. Rated up to 4.5 

volts A.C volts D.C., 5 milli- 






amperes D.C 












BX-100 Center tap 
tifier. Completely en 
lite Low ay 

high frequen 1 
4.5 volts A.C... 3.0 volts D.C.. 500 
microamperes 1).C 





acitance Rectifies 










Luxtron®* photocells are another Bradley achievement. 
*Trade Mark Reg. U.S 
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Tue Arnold Engineering Company 1s 
thoroughly experienced in the production 
of all ALNICO types of permanent magnets 
including ALNICO V. All magnets are com 
pletely manufactured in our own plant 
under close metallurgical, mechanical and 


magnetic control. 


THE ARNOLD [.NGINEERING (COMPANY 


147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 





Post War 
Clock Movements 


CHIFLSEA 


Our production of special clock 


SCALES, GAUGES, 





movements and clockwork mechan- 
isms for recording instruments must 
wait until this war is won. Meanwhile 
we would welcome the opportunity of 
working with you in developing your 
post-war designs. 

Remember, Chelsea has been mak- 
ing special movements for recording 


instruments for many years. 


a Let's continue 
to back the 


attack! 


CHELSEA 
CLOCK COMPANY 
385 EVERETT AVE., CHELSEA 50, MASS. 
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CALCULATORS, 
\ CHARTS, DIALS, ETC. 








oils, acids, alkalis. 

@ Printing guaranteed not to wash 
or rub off. 

@ Non-inflammable, non-corrosive 
plastic. 

@ Printed and laminated vinylite and 
cellulose acetate. 


SAMPLES AND ESTIMATES GLADLY SUPPLIED ON REQUEST 
WRITE DEPARTMENT N.! 


THE HOPP PRESS, INC. 


PRINTING — FABRICATING — FORMING 


460 W. 34th STREET, N.Y. C. 


ESTABLISHED 18693 


nalr magnetic contact 
nain switch contacts fo 
2 volt intervals, fror 
illustration shows, uni 
paneled for ready aces 
pactly cased Zenith Elect 
West Walton St., Chicago 


Dual-coil Rela 
New Model BOY 

lual-coil small pr 
(14 watt) operation. It 
coil construction sharply red 
sumption (for satisfactory 

il relays f equal 
thus making this V pe f 

limited-curre plate 


Is used for hording 
built to withstand 
Army, Navy 


‘lectron-tube Interelectrode 
Capacitance Meter 
New “Model 37 Interelectrod 
Mete1 provides direct me 
vacuum-tube interelectrode 
production basis, may be 
skilled personnel, Micromicrofa 
read directly when a _ tube 
wholly shielded measuring 
orated in instrument. Five-stey 
from 0.001 to 100.0 mmfd witt 
or better on all steps, Or 
increments as low as 0.f 
iv be used Measurement 


radio frequency in a ecrystal-cont 


cuit having both primary an 
voltages automatically regulated 
mum operating stability. Conn 
accepts adapters for tubes up t 
provides for connection of co-ax 
to any pair of elements whos¢ 
is to be measured. “Universal” 
nished with instrument accomni 
up to 2%” diam. and 4%” high 
RMA _ shields specified for Vv 
types may also be used. Speci 
for unusual tube types can _ be 
Range and operating characterist 











i to permit its use where- 
ite measurement of low 
required. Special adapters 


suit application, may be at- EKSLER 





1 ector base for measurements 
uy j vacuum tubes—Technical 
he & | Tremont St., Boston 


Production or Research Instruments 


rest Stand for Propeller WEKSLER THERMOMETERS are scientific, precision instruments. 
Governors Their rugged construction and lasting accuracy will merit your full 
tand for Curtiss Electric pro- confidence. 
rs produces flight-condition 
vernor being tested, includes 
control unit which allows 


la 


Red Reading or Yellow Back mercury tubes 
are furnished in all "V" shape industrial ther- 


Se tS oe BD 








mometers. 

Indicating and Recording Thermometers are 

furnished mercury, vapor or gas actuated. ] 

Dial Indicating Thermometers are available : 

in 4!/,", 6” and 8!/.” phenol condensate cases, 

and Recording Thermometers in 10” chart size. 

There is a Weksler precision thermometer for 

every industrial need! 
; 
"i 
ty 

nder test to control speed of 











\ selector switch on instru- 
enables operator to choose auto- 
nual operation. Two lamps in 





ning and closing of the inc. and 
rovernor contacts during opera- "Vv" Shaped Thermometers 
lamp indicates any grounded Bronze Case and 
N the governor. Drive is 3 h.p Industrial Hydrometers 


speed unit with a range of 900 to 
(standard: 220-v. a.c. 60-cycle 


on i 
ectrode e electric motor. Other voltage on 4 
ter est). Chrono-tachometer unit on panel 

{ f ~ 






































5 ; sis f electric clock, revolution counte: ‘i +” 
ate; nd t meter, Power is supplied to test mie — 
eS ment outside source and control of 2a Fy : : 
pacitancs B stand well as speed and direction of its c 7h Dial and Recording Thermometers Ee 
= t through push buttons.—Airplane | i . : , : s £190 
ea Supply Corp., Mfg. Div., 6053 Lan- | PSoge For information on Dial and Recording ott 
poise igg a s Blvd., North Hollywood, Calif 16 Thermometers send for Catalog 300 DR; K 
reul i5 i - , ae 150 
rey g | pao : for others send for Catalog No. 115. 40 
tee: R.: ; if Bg 139 
derreg: A-c. Bridge for Resistances and mort a , hott 
1 the | 100 y too 
| Impedances jolt t| = Weksler Thermometer Corporation x 
. = : , ke \80-41F 
: Py pe ae goer igenagece . ba- 52 Ww. Houston St., New York 12, N. i - - 70 
ridge but is said to be “a > Albeo be 
and gre itly improved a-c 37} 3 
Which will do things never before ~nf 
— — 





Type 124 Right Side Angle 














SA Naw 
USED BY AMERICA’S LEADING MANUFACTURERS 


jai daa 
> 





t possible. Due to the great sensitiv- 
irge output it is possible to use 
lit for many purposes requiring 
r controlling apparatus such as 
ture control, moisture control, pres- 
1, ete.” Instrument is a-c. ope- 





nect bas Be rat capable of measuring from 0.0001 
Oo % I ao! ne megohm. Readings are taken 
1X] t decade and the null indicator is of 
( tar u er type. On all ranges, Microhm- Shown at right is meter box of our No. 6 gauge giving 


accurate, dependable service in all types of operations 
ORDERS ACCEPTED FOR EARLY DELIVERY 


uires but a few tenths of a milli- 
igh the resistance being measured 


Tk : . 
M ng voltage is 60-cycle a-c. Pure 
iri t res Ss may be read directly as ohms 
cl snl . es are measured by comparison, 
pl is low as 0.01% being indicated. 
y 7 . c ad . CHICAGO OFFICE NEW YORK OFFICE 
stl ent at terminals makes it possible a GENEVA, ILL. 265 W. 14h ST 
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REMINGTON ARMS CO. 


CHRONOSCOPE 


Measures Time Intervals 
1 to 200 Milliseconds 
1°. Accuracy 
Inquiries Invited 


Dynamometers, wattmeters, milliam- 
meters and voltmeters. Also ultra- 
sensitive meters both for A.C. & 
D.C., fluxmeters, electrostatic volt- 
meters from full scale 120 volts to 
over 20,000 volts, thermocouples, 
earth current meters, cable testers, 
etc. 


Special Apparatus Built to Order 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


110 Potter St. Cambridge, Mass. 


New York, N. Y. Chicago, tl. 














Philadelphia 
Merc-to-Merc 
Thermo - Regulators 

Feature 


Mercury to Mercury 

Contacts : Increased 

Contact Capacity : 

Sensitivity within 
0.1 F. Exceptionally Long 
Life and Stability : No 
Arcing : No Oxidation : 
Temperature Lag Re- 
duced : Temperature 
Ranges adjustable to 
700°F. 

o 
Philadelphia Mero-to-Mero 
Temperature Controls and 
Mercury Plunger Relays 


The Philadelphia Thermometer Co. 
Sixth & Cayuga Sts. i Philadelphia 
WRITE FOR CATALOGUE 
No. 104. 

Oldest Thermometer Manufacturer 


in Philadel pbia 











Page 246—I nstruments—Vol. 17 


to measure contact resistance in relays, 
switches, joints, bondings, etc., without 
changing contact conditions by heat. No cur- 
rent terminals are required as used in the 
Kelvin bridge, but high-current effect may 
be studied by applying up to 5 amperes, in 
series with resistance under test. This will 
not change the readings except for the in 
ternal resistance or the d-« source (0-1 
ohm range). Delicate low resistances such 
is instrument armatures, fine filaments 
ll coils, ete., may be measured without 
cts of heating Conductances of 
measured to 2% Lccuracy 
0.01% of total resistance 
effects of polarization 
from dissimilar metals 
eadings. Ranges 0 to 
of 0.0001 ohn 0.01 to 
(steps 0.01); 1.0 to 11,110 (steps 1.0) 
to 1,111,000 (steps 100). Sensitivity 
ible from zero to one part in 10,000. Ac- 
curacy 2% on 90 to 1.111 ohm range 
0.5% to 1,111.000 ohms better tolerance 
to order. Stability: 109% change in _ line 
voltage produces a 0.01% change in read- 
ings; no inherent drift. Output: a 9.5-0-0.5 
ma, d- galvanometer is used as a null 
indicator there is sufficient d-c. output to 
lrive a recorder or sensitive relay. Size 
18144” x 8%” x 6”. Weight: 25 lbs.—Tech 
Laboratories, 7 Lincoln St., Jersey City 
NV. J 


Airplane Engine Horsepower 
Indicator 


New Horsepower Indicator (developed by 
makers in conjunction with N.A.C.A. and 
leading U. S. radial engine manufacturers) 
provides direct readings of both n horse- 


power output and brake mean effective pres- 
sure on one dial, obviates need of flight en- 
gineer making numerous calculations (with 
consequent possibility of error) and makes 
it easy to see effects of adjustments to con- 
trols on output of engine. Pointer gives 
operator a continuous indication of b.m.e.p. 
at all times on inner dial and a reading of 
brake horsepower on outer dial when cor- 
rect r.p.m. is set on subdial (dark sector 
visible just below pointer). New instrument 
operates from hydraulic type torque balance 
units which function from planetary pro- 
peller reduction gear (available on all large 
U. S. radial aircraft engines), thus gives 
operator an indication of net shaft horse- 
power output not obtainable in any other 
way, it is said. Having brake horsepower 
and b.m.e.p. directly indicated in this man- 
ner is advantageous because this must 
otherwise be laboriously calculated by us¢ 
of engine output curves and readings of 
manifold pressure, r.p.m., altitude, outside 
air temperature, humidity and an estimate 
of power used by auxiliaries and friction 
of engine. Moreover it is said, with new 
indicator, operator also receives a quick 
indication of motor trouble such as a fouled 
spark plug which might not be apparent 
in any other way. New instrument is avail- 
able in both remote and direct indicating 
types. — Kollsman Instrument Div. Square 
D Co., 80-08 45th Ave., Elmhurst, N. Y. 








Operation Speed 
Recorder ..°.°", 


Built for severe servic: 
report 10, 12 or more 

trouble-free life. Powerf 
trifugal speed - measur 
ment stays calibrated. N 
reservoir pen. Special 
paper. Rugged clock m 
Ideal for analysis of ne 
Effort jobs. 


Immediate and intel 
attention will be give 
your inquiries on all in 
trial speed measure 
problems. Drop us a 
today. 


Amthor Testing Instrument Co., Inc, 
49a Van Sinderen Ave. Brooklyn, N. Y 














HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 36 years. 





In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 
tively inexpensive. 


Illustrated 
bulletins 
free. 


The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N Y. 


— 





Se el in ik ee 












Hi d-low Temperature 
est Chamber 

’ x RTC-1” is an improved type 

O * | : ‘ for high and low tempera- 

cription of standard fea- 

is models see Instruments, 








































peed 





pt. 19 page 385; July 1943, page 458; 
~Nart ant 19 page 578.) Improved cabinet 
or 24 hr. vy i tained with four individually 
= + ite s in lower panel of door for 
ice. Users eady to interior. A turn of handle 
> years of ens I Hand may be inserted through 
erful cen- n insulated passage and an instrument or 
ring ele. part being tested can be adjusted with- 
Non-spil] it re ng it or disturbing others, No 
al chart ed of opening the whole door. Machine 
aeatinminaiats R { y automatic, can produce de- 
avaevo red temperature between — 70°C. and 
new War g gC imerican Coils, Inc., 27 Lexing- 
Newark, N. J. 
l 
pen Sealed Transformer 
cs New “Type S” hermetically sealed trans- 
A , ! lesigned for use in all theatres . 
war operation and on all types of equlp- ALUMeEe will be ready for YOU 


was recently approved by Navy, is 
nt Co., Ine, 
oklyn, N.Y, There will be no "reconversion waiting period" 


for Palmer Thermometers. 





While we are kept busy now producing thermom- 
eters, for which there is yet a critical need, 
we are not unmindful of your Post War needs. 





Palmer Thermometers that have withstood the 
stress of war duty will be much improved, re- 
taining their fundamental tough quality and 
their extreme accuracy and sensitiveness for 
which they have been famous. 


ENTAL 
-LERO- 
for the 











REMEMBER PALMER THERMOMETERS! 





to be of extremely rugged construc- 
j}meon, Case is of cold-drawn  copper- 
tadt plated steel. Terminal is molded 
into 1 plastic block which has a metal 
| use for ng molded into its periphery. This 
ion pur- eed then soldered into the case. New 
ee Ponstruction is said to offer great flexibility 
simple pe) number and arrangement of terminals. 
P Vae-sealing”’ rHecrieessarsrn siadeun: Se aia NEW MODEL . HIGHEST ACCURACY 


ompara- : ASSUI “absolute impregnation without : CHRONOMETRIC 




















' events or other deleterious material pre- # 
Pensive. | Brent inside the coil.” New Pomc sco is r, T A C 4 '@) M - T ‘z 4 
produce { “in any desired size or capacity Pf, sdb 
| customers’ specification.’’—Peerless Elec- 
| 3 "roducts Co., 6920 McKinley Ave., 

4 pos A es 1, Calif. . Readability to 1 RPM per division. Guar- 
ate ; 4 anteed accuracy well within 1% of 1%. 
ims if Electric Furnace | Indicates RPM directly on the dial without 
' | Ni. Widiel CAMNE ckechitn Sibnnins tae 3 any calculations over a fixed period of 
,. Gr er. hanbtrenting coeratne | 6 seconds. Negligible torque. Two models 

iy at Aemmeratures un to 1560"3 ~J with ranges 0-1000 RPM or Q-10,000 
| ‘ rmittently to 1850°F. Heat selec- y RPM, each syitable for double rated range. 


% 


through heavy-duty rheostat and 

ith monel metal contacts. Ranges: 
to 400°, medium 400 to 800°, 
to 1500°F. Operates on ac. or 

is available in either 115- or 230- HERMAN H. STICHT oo INC. 

ts. Maximum power consumption 27 PARK PLACE NEW YORK, N. Y. 
ts. Heating to maximum tempera- 


Write for bulletin No. 715. 


y 





sa, N.Y. 





wea Se ae 
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IYRO opricat PrnomETER 


ELIMINATE WASTE and 
GUESSWORK! 


By using PYRO, a 
self-contained, DI- 
RECT READING, 
sturdy unit made to 
stand rough use. It 
is absolutely accu- 
rate and dependable, 
and quickly pays for 
itself. 





Unique construction 
enables operator to 
rapidly determine 
; temperature even on i : 
minute spots, fast , . 
1/ moving objects, or a. a 
2%x MAGNIFIER peli Pala gg Ho pe Bo : ———— 
correction charts, no ig ot { tures takes but 30 minutes. } 
that leaves the hands free accessories, no main- 
: : b tenance expense. Spe- Dieeeoenin ‘ 
Invaluable for all who do precision work. cial “FOUNDRY <i sss “gp a ga 
eanewline wis innwahn Rinne ee ; TYPE” and “Univer- ment is used over full heati1 
Binocular vi ion reve il true depth of sal TRIPLERANGE” covers four sides of muffle « 
details Magnification of 24x. Free have, in addition to nating cold spots. Reinforced 
working distance, 8” to 10”, permitting standard a exclusive new design is said 
; ; ; : range, a red correc- ¥ eliminate cracking. Furnac¢ 
unhindered use of hands. Can be worn tion scale determin- v it ‘tenticating pretirrhesioss 
steadily without discomfort, and by just ing TRUE SPOUT : aon ae 3 leh 
: . \ and POURING TEM- . both ¢ and I construction 
lifting your head, your eyes are free for PERA TUR ES of . piece body casting and 
iny other activity. molten iron and steel door which forms convenient 
; when measured in ‘ form when open. Inside dimens 
the open, . 334” high, 334” dee Thermo 1 


Dul 


ON eet aaa 


N 


ing element is embedded 


Eyeglasses may be worn while using 
Highest optical quality. Black Tenite 
plastic—practically unbreakable Stock ranges 1400° F. to 5000° F. 


Write for booklet Write for Catalog No. 80 Snap Gage Stand 


THE PYROMETER INSTRUMENT CO. | = New stand: supports a roll. 
CARL ZEISS Inc. Plant & Lab. pi tego Mica Won king } 


izes operator fatigue and enh 
103-107 LAFAYETTE ST., NEW YORK, N. Y. tion accuracy. Stand firmly r 
by means of an Allen head 

ind in larger types (Model G 
i1dditional bearing plate wh 
wide machine pads on Vard 
frame. New stands are made in 





485 FIFTH AVE., NEW YORK 17,N.Y. DEPT. H-49-A 











| Interval Timers 


| Process Timers 


| Signal Timers 


GARCEAU CHRONOGRAPH | Time Switches 


Eleven Recording Channels 
One Timing Channel 























— =— Model GSC,” 414” long, 

high weighs 2 Ibs.; “Model GS 
Through an inertialess electrical record- long, 3%” wide. 3%” high, wel! 
ing system, this Garceau Chronograph Relays — = —— ere = a 

; : : . diam. Stands are made of a 

provides means of measuring without metal. coated with wrinkle-fini 
error the length of time an electric cur- enamel, mounted on heavy fe 
rent flows. Tape can be withdrawn manu- = Vard Inc., 2961 BE. Colorado Bl 
ally, to allow inspection of recent records, Write dena 8, Calif. 

with provision for independently actuated ; oe 
electrical re-wind of used tape. Voltage Stabilizer 


Tape speed is 20 centimeters per sec- New voltage stabilizers are -~ 
a. . c ratings from 25 to 2000 watts, fo 
ond. Timing channel prints a row of dots , seeps oe 
- . single-phase inputs of 95-130 
spaced at 1/60 second intervals. a 190-260 volts (outputs 115 and 2 
==S=ELECTRIC spectively). Output stability is + 


ELECTRO-MEDICAL LABORATORY, Inc. MANUFACTURING CO is accomplished within two cy 
. 5 ca 6s of two transformers with pri 
Holliston, Massachusetts, U. S. A. 


MANKATO, MINNESOTA stabilizer has no moving parts 


Makers of the Garceau Electroencephalograph series, the one which operates at 























saturation being partly resonat 
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ondaries are connected in 
Design is such that voltages 
illy, producing desired output 
ensating for differences of in- 

res. Since partial resonance 

lesign feature, new stabilizers 

sensit to frequency changes: output 
ry in the same direction and 
percentage change in fre- 

1 range of 5% of normal 

t stabilization will be within 

: itput voltage established by 
né plat- r Overloading does no harm to 
racteristic being especially 

peration of vacuum tubes 

to draw heavy filament current 

iting temperature is reached, 


nd bilizer re available in ‘‘endbell” model 
’ tr cased models and uncased 
Weights range from 8 lbs. (30-watt 

220 Ibs. (200-watt).—Ray- 

Vi Co., 100 Willow St., Waltham, 





BAT latins: 


vithan ORDINARY FUSE 


ORDINARY FUSE LITTELFUSE 

















] Cop forced or 1 LOCKED CAP 


cemented on. ASSEMBLY (Pat- 

SA o's A ented). 
Thea 

ot an No reinforce- 
W ment of fuse ele- 2 Element twist- 
} : ment. ed at 90° against 
ini baked i vibration. 
felt ae 3 Unprotected 3 "'Gooseneck'’ 


pS egainst contrac- takes up contrac- 
tion and expansion. tion and expansion. 


LITTELFUSES ENGINEERED FOR 
TODAY’S CIRCUIT PROTECTION! 


Whatever your problem in circuit 
| Protection, Littelfuse can help you. 


eS Se 


I ; 263 Ong St., El Monte, California 
aun a 4793 Ravenswood Ave., Chicago 40, Ill. 



















Ingenious New 


Technical Methods 


Presented in the hope that they will 
prove interesting and useful to you. 
























Center Scope Brings Optical Precision 


to Machine Shop Operations ie 


The Center Scope is an optical centering and 
locating tool that can be easily and quickly used on 4 
any machine to center work reference lines to a f+ 
spindle axis. It permits accuracy to a degree never 
before obtainable, as the optical beam or line of 
sight is absolutely inflexible and cannot be distorted. 


The Center Scope’s easy accuracy eliminates many ON A VERTICAL MILL—locat- 
human errors, as the operator can see just what the ing and centering height gauge 
cutting tool will do before it is actually fed into the 
work. It increases production, improves efficiency 
and prevents spoilage. There is no pressure on the 
work piece nor is it subject to wear or changes in 
temperature—for the Center Scope never touches 
the layout. 











or size block layouts. Permits 
jig borer accuracy on more 
machines. 





The Center Scope enables the operator to easily 
and quickly locate edges to a spindle axis, set-up 
faster and compensate for run-out. It saves vital 
hours in checking, inspecting and measuring when ESS i 
mechanical methods and tools are impossible to Sm E 
use. Its 45 x magnification allows operator to see 
“OOL” and requires no technical knowledge or 
training to operate. 


¥ 











While there is nothing particularly new or in- 
genious about Wrigley’s Spearmint gum, it is prov ON A HORIZONTAL MILL—the 
ing useful to millions of people in many new w ays. ability to center a layout, edge 
Workers in war plants everywhere have found it 
helps keep them alert and relieves nervous tension 
and dry mouth while they are on the job. 


block or rotary table plug while 
spindle is running. Permits 
quick and easy set-up for high 
You can vet complete informat from the Center Scope | precision work. 


To the Engineer, Physicist 
or Chemist Who Seeks 
A PERMANENT JOB 


F YOU are an engineer, physicist, or chemist now working for a company 

whose war contracts are terminating there may be a permanent job for 
you with one of the leading instrument manufacturers. Most of these com- 
panies are still working full time on war work. As soon as their war con- 
tracts are completed, postwar projects will be ready for action with plenty 
of opportunity for creative development work. Interested? Write Employ- 
ment Service Instruments Publishing Company, 1117 Wolfendale St., Pitts- 
burgh 12, Pa., giving complete professional and personal data. U.S.E.S. 
consent and release statement will be required. 
This is mot the advertisement of any manufacturer but a notice from The Instruments Publishing 


Company as a service to its readers. Names will be made available to prospective employers. There 
will be no charge to applicants or to prospective employers. 
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INSTRUMENT SOCIETIES CALENDAR 


City, Society and Secretary Date Place Subject 





Atlanta Georgia Society for Roger W. Allen, 376 Nelsor 
Measurement & Control  5t., S.W., Atlanta 






Baltimore Baltimore Industrial In- C. B. Willnecker, 6732 Dan- Apr. 21 Enoch Pratt Free Flowmeter Maint’ce and dis- | 
strumentation Society ville Ave., Dundalk, Md Library ss'n of liquid level gages Instr 

Chicago Chicago Society for Carl Hope, 2626 W. 31st May 1°! M&M Club, Electrical Recording R. J. Kr 
Measurement & Control Blvd., Chicago Merchandise Mart Instri nts Angus ( 















Cleveland ( eland Instr F. G. Meulenberg, DuPont 
ntation § ty Exp'l Lat 
Gulf Coast Gulf Coast Instrument T. H. Pierson, 3030 Roberts St., 
Maintenance Men's Beaumont, Tex. 
Ass'n 











Hartford Hartford Society for Stephen J. Zelle, Whitney Chain 


Measurement & Control & Mfg. Co., Hartford, Conn. 








May 2°! Essex Hous Trend in Use of Laboratory C. 1 
Newark New Jersey Society for N. E. Chance, 14 Glen Instruments in the Plant Instrur 
Measurement & Control Oakes Ave., Summit, N. J. | June 6°8 Essex Hous Electronic Pyrometry G. 5 





New York New York Society for H. R. Kalbfleisch, 114-35 Apr. 25°») Building Trades Emp. New Optical Tools Dr. W. B Bausch 





Measurement & Control No. Blvd., Flushing, N. Y Ass'n, 2 Park Ave for Research & Lomb O 
N. Indiana Northern Indiana Soc. R. W. Schreiner, 4 Waltham St . 





Measurement & Control Calumet City, Illinois 








April 19{8) Engineers Club Influence of Line Dro C. E. Mas 








Philadelphia Philadelphia Society J. E. Gambrill, 1317 } 
for Instrumentation Spruce St | May 17°8 








( April 24(8) Roosevelt Hotel Electronic Measure- 
Pittsburgh American Society for L. M. Susany, ¢/o Carnegie In- . Wes ment & Control house EF] 
Measurement & Control stitute, 4400 Forbes St., Pgh May 22°! Roosevelt Hot Air-oper 1 Contr ] 







St. Louis St. Louis Society for Gus Holubeck, Union 









Instrumentation Electric Co., Venice, Ill. 
Toronto Canadian Society for T. C. Agnew, Minneapolis- 





Measurement & Control Honeywell Reg. Co., Toronto 






Washington (being organiz 








CO} 






‘)Meetit t 7:30, no dinner. ‘B)Dinner at 6:30, meeting at 8. (©) Dinner at 7, meeting at 8. “Meeting at 8, no dinn 















BALTIMORE Secretary Carl Hope has been inducted Sutton of Haverford College 
The March 17 meeting of the Baltimore ind has been replaced for the duration by was “The Long and Short of \ 
Industrial Instrumentation Society was held \. J. Butler (also of International Harves- Measurement. His speech wa 
at the Enoch Pratt Frees Library, Cathedral. ter). J. A. Riacs ly on pure physical scien e 
Franklin and Mulberry Streets, Baltimore, exceptionally well a wide le c- 
length measurements. Wave W 





at - p.m ip) had in attendance of 258 NEWARK defined and demonstrated wit} ng 
mem be rs ant guests " 4 and whistles. Then followed a d 

Mr. F. C. Phillips, Glenn L. Martin Co Nelson E. Chance page 9 kin ae oaggy glto 
Middle River, Md., addressed the society on j . wa epee piece 











Nelson E. Chance, Acting Secretary and ments, Various parts were 











“rh # > i aca Ratinwenabe rs : 
satin ey Srose segs or teas  ‘oaaien charter member of the Society for Measure- With the aid of slides, New 
period followed the lecture. ment and Control (New Jersey), died on methods used in measurement wel x 
CARL B. WILLNECKE! March 12, following a short illness. plained along with some recent 
His passing was a severe shock to his of x-rays to determine crystal 















many friends and business associates, and Very few references were mack 
CHICAGO will be keenly felt by the Society, in whos« of mathematics throughout the 
At the February 7 meeting, in Huyler’s formation he actively participated. the discussion period many q 
Restaurant, an overflow crowd was on hand Mr. Chance had been with the Brown expertly answered by Dr. Sutt 
to welcome the speaker of the evening, D1 Instrument Co. for 22 years. The earnie1 The door-prize, a copy of “} 
D. J. Bergman, of the Universal Oil Pro- years were spent in the Southwest oil areas, and Servicing of Electrical Ir 
ducts Co., whose subject, “Liquid Level ind for the last eight years he was manager donated by the Instruments Put 
Controls, was of interest to a great Of Brown’s New York area. One of the was won by U. J. Sheppard 
majority of the crowd, not only because of Pest-Known of the engineering representa- Navy Yard, Charleston, N. C. 
the subject matter but because of the rela- tives, he was widely known in the petroleum The March 28th meeting 





industry, the instrument industry, and al- 
lied flelds in New York and the Southwest 





tendance of eighty-two for the 
over a hundred were present f 


tively informal manner of presentation. He 
touched on the historical development of in- 










dustrial liquid level controls as well as Mr. Chance was born at Dividing Cree kK, ing which took all the availabk 
discussing some of the more common ap- N. J., and was a graduate of Bucknell Uni the overflow crowd filling the 
plications. He particularly emphasized the versity. He is survived by his widow, Dr. P. G. Weiller of Kollsmar 
relationship of capacity to the type of con Martha L. Chance an 1 his two daughters, Div. of Square D Co. spoke on 
trol to be applied and the results to. be Martha Jeanne and Betty Jane Servant or Fad?’’—a questior 





H. F. Moor Weiller discussed and the 






expected 














At the March 6 meeting, held at the At the April 4 meeting, Mr. Kermit Unique in that it pcinted out thi 
Merchant & Manufacturers’ Club in the Fischer, president of the Fischer & Porter pitfalls, and other facts that 
Merchandise Mart, the speaker was Mr. N Co., spoke on “The Rotameter and Its  Mmenter must consider before 
kK. Koebel of the Lindberg Engineering Co Secrets” before more than fifty interested field. This was further amplif 
whose subject was “Furnaces with Con listeners. Mr. Fischer started by describing Speaker’s own experiences whi 
trolled Atmosphere.” Mr. Koebel described 1 rotameter for the benefit of anvone not his years of engineering in tl 
the two instruments normally used for de familiar with it. He then traced its de- lowing the talk, the audien 
termining the condition of furnace atmos velopment from the earliest patent descrip- around the big exhibit of instru 
pheres: the thermal conductivity type and tions to the latest models. In this way he they were demonstrated and 





the gas density type. He pointed out that showed how various characteristics, such as Everyone attending the meetir 
bi given a new slant on the outl 





neither of these instruments took cognizancs reaction to viscosity and density, can 
of water vapor. He explained the difficulty designed into the meter. One interesting tronics and its future. 


of designing an instrument which would example was the use of two rotameters in 









recognize water vapor, but at the same time series, having different reactions to viscos- —_— . 
emphasized the need of having this informa- itv. as a continuous viscosimeter 
tion. He recommended research on the part R. H. GRAY NORTHERN INDIANA SOCIE 
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of instrument companies toward develop- 
ment of an instrument for this function. 









The largest crowd of the current season NEW YORK Our March meeting was held I 
enjoyed Mr. Koebel’s talk as well as _ the The February meeting was held at the 10th at the Lake Hotel in Gary 
subsequent movie on heat treating offered Building Trades Employers Association at fine dinner, Mr. C. A, Maynard sil 
by the Lindberg Heat Treating Co 2 Park Avenue. The speaker was Dr. R. M from the Indiana Steel Products ( 
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with his speech on “The 
the Permanent Magnet and 
Modern Devices.” 
us the story of the 
the magnetic particles 
earth, up to the present- 
1 in modern devices. The 
ifacturing and calibrating 
given very fully and, last 
recalibrate and the 
magnet was 
SCHREINER 


ive 


time 


Ww to 
given a 
R. W 


ld be 
ighly. 


{ILADELPHIA 
15 meeting we were privi- 
Mr. J. G. Ziegler of the Taylor 
panies cover very thorough- 
of “Adjustment of Rate 
Mr. Ziegler pointed out that 
processes were multicapac- 
nd that the analysis of the 
auach ie { n problem was quite compli- 
M ‘iegler pointed out how it was 
culate the “sensitivity” from 
oscillation from which it was 
ble to calculate the “reset rate.” 
members in attendance felt 
would like to investigate further 
ered in Mr. Ziegler’s talk, and 
prints of his published articles. 
a total of 34 in attendance 
+the dinner, and a total of 92 at the meet- 
ng -J. E, GAMBRILL 


WASHINGTON, D. C. 
its from a letter to the 
of Instruments] 


Editor 
ll be pleased to learn that an at- 
mpt i being made to organize an 
Society in Washington, the 
Bureau of Standards, Naval Re- 
I earch Laboratory, Naval Gun _ Factory, 
netfi/Weather Bureau, D. W. Taylor Model Basin, 
Carnegie In- 


netruments 


vast and Geodetic Survey, 
titutien, Smithsonian Institution, Johns 
waveliopkins Laboratory of Applied Physics, 


Wagggvaval Observatory, War, Navy and Agricul- 

ring ire Departments and many other agencies 
n of/™mploying engineers and scientists, 

sure In the past two years I have taught at 

orge Washington University eight fifteen- 

of a course on “Engineering 

and three classes of an “Air- 

course. The total regis- 

300 and 150 stu- 

lents, respectively. It was inevitable 

. that I should discuss . .. the need for 

wer n Instruments Society in Washington. The 
action was always favorable. .. 

The initial meeting, at which it is hoped 

temporary organization of the society 

y be effected, will be held Tuesday, April 

S$ at 8:00 p.m. in the Interior Department 


reek classes 
X nstruments” 
raft Instruments” 
ration approximated 


Auditoriun Dr. P. S. Christaldi, Chief 
ingineer of the Allen B. DuMont Labora- 

rp ries, Ir will speak on “The Cathode- 
Fay Oscilloscope.” 


are to hold a second meeting 
> recessing for the summer.... 
of the nature of the potential 
mbership, I visualize the society as being 
nainty coneerned with the theory, descrip- 
ion and use of engineering and scientific 
nstruments as contrasted with the mainte- 
lance ee 6! as 

. . Those desiring further information 
garding the 





society or wishing to be 
‘faced On the mailing list should contact 
100 S St., SE, Washington, or by 


hone at TRinidad 


2°26 
3362. 


—RICHARD C, DARNELL 


FOR EXPERIMENTAL STRESS 
ANALYSIS 

ring Meeting of the 

Xper ntal Analysis, 

on Residual 

ent, and Effects, 

Statler, Boston 
1944, 

In s should be addressed to Society 

I imental Stress Analysis, P. O. Box 
bridge 39, Massachusetts. 

-W. M. MurrRAY 


Society for 
including a 
Stresses their 
will be held at 
17, Mass., May 
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QUALITY/ 


You can accurately measure applied 
torque in inch ounces, inch pounds 
or foot pounds, with STURTEVANT 
Torque Wrenches as they are built in 
all capacities from 0-40 inch ounces 
up to 600 foot pounds or 7200 inch 
pounds. 
Over (00 models and types. 

Each is a permanently accurate tool. 


Write for Bulletin TW-13 
NEES MESS OSAMA ED SINE A NEE 
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Pye STURTEVANT [aed 
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Maintenance and Servicing 
of Electrical Instruments 


(Appeared serially in Instruments from 
August 1941 to June 1943 
By JAMES SPENCER 
In charge of Instrument and 
Relay Department, Meter Division, 
Westinghouse Elec. & Mfg. Co., Newark, N.J 
Edited by 


M. F. BEHAR, Editor of Instruments 


REPRINTS AVAILABLE 


The electr nstrument industry | 


as ex 

















Durable fabrikoid binding, xii 256 pages 
5 < 814 inches, 274 illustrations. 
Price $2.00 postpaid. 

CHECK, MONEY ORDER OR CASH 
MUST ACCOMPANY ORDER 
2a BEBE SBEER SE SEE EER ESE EE ES ES ES SE 

Instruments, 
17 Wolfendale St g 
Enclosed is $ t 
($2.00 each) of pies of SPENCER 
MAINTENANCE AND _ SERVICING 
OF ELECTRICAL INSTRUMENTS 
Name 


Address 
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In this department we report ALL pieces of new literature pertaining to Instrumentay 
received from the manufacturers. To assist in the War Effort we urge readers to request ON! 
those bulletins which will be of value to them. Use the coupon on the facing ; ’ 


































L.-63 Eleetronic Index of Industrial pairs inel.); interphon: 
Equipment, Bulletin 170, 81.” 5 yg | switchboard telephone 
pages. Electronic equipment fo indus per wire resistance 
pplications and uses Advances it carrying capacities of coy, 
electronic engineering have made pos others. Cannon Electrie D: i 
ra sible such inits as rectifiers for d-« 3209 Humbolt St., Los Ang 
motors up to 200 H P rectifiers for L-66 Motorized Valves, 
fting magnets Variable voltage rect 810” kK 11”, 4-pages A 3% 
f ha L inge f ) to 250 vol hanism t operate slij ’ 
¢ t t sta On-Off” control of air 
stop eccelerate nd regulate d-ec. moto Vater t« Small medi j 
speeds Vith a high degree of accuracy, type mec! sms ivailat 
high-frequency nductors, static heatinz everal speeds from 2 to 7 , 
init d wi i evecile « verters which neh of valve stem trave 
rive 1800 VPM or less from a 60-cycle (push or pull on valve stem) 
line Electron Kquipment Corp Paln 250 pounds are developed 
Springs. C f scribes and illustrates 


i Suitable table or ch 


L.-64 Temperature & Pressure Instru- = t a : 
ments. Bulletin 102c, 35,” & 814”,6 pages ee aipi chahaede' chart for read A. 
Temperature nd pres re regulators. nooKk-up Of system, valve d 
1 ak : the tions ete Automati« Ten 





pressure gauges dial nd tine I . : > . 
mometers, industrial and miscellaneous Picton ee , 34 East 
thermomete tempe 1 ind pressu L-67 Th " ‘ : , 
recorders ind controllers steam traps z _ rg C-D Capacitor, 
HI QM. Trerice C 1420 West Lafavette SSUC, ) , 6% 16-pa 
y “hace - ar te Bivd Det? b ae Mic} Part II of an interesting 
You purchase a tachometer to pro- said stability at UHF” with furt 
tect machines and control produc- | U-65 Signal system Cable and Wire on coil factors which must b 
: am eet ; Data. Loose-leaf booklet, 4” Kk 61%”, 24 to attain a high degree of 
tion. Corbin Tachometers offer YOU | pages three-hole punched. Valuable colo high Q, and a minimum 
. . “he ‘ re ¢ > code nformatior in handy quick temperature change. The 
CP > Je ’ jul 
these special advantages: Sarnacicn eeukas eet dcnset ee ibeeeacs Wide Weed Aaatitiers 
e Centrifugal type with Corbin wire mis r 7 , a else iff ited : oe os be fund mee ‘ee ! 
- signal systems ible n ide standar¢ elevision amplifiers ext 
cross-balanced governor no Os- ble color code (for 1—100 in nature, and is adequate 


cillation. 
® Extremely sensitive to slight 


changes in speed. Hand is steady I-C OL E-| Purchasing rb gents! 


at all speeds . . . not affected by 











machine vibration. M J G 0 4 M M J T E R Eugincers f 


for quick insulation testing 


® No delicate parts to wear out or 
vibrate . . . requires no lubrication. 
® Operates continuously in any 
position independent of shaft ro- 
tation. Not affected by tempera- 
ture or climate. 

® Available in hand models or 
for industrial application. 

® Can be actuated by various 
types of drive. 

® Calibrated for RPM or FPM, | | | 
also for counting minutes drying | | | 
time, items per hour such as sheets, | | | 
bottles, newspapers, stampings, etc. 


)7 NEW 
JUST / 1944 


OUT 1 fedeo/ EDITION 
eee FREE! 


S00 Page h 
Buying Guide rs 


RADIO PARTS 


RADIO TUBES 
and INDUSTRIAL 
ELECTRONIC EQUIPMENT 
—IN A HURRY 


FROM OUR LARGE STOCK! 
~ *«% * 
SEND FOR FREE CATALOG 
New 1944 Edition — Just Out! 
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Let us engineer your tachometer requirements 


THE CORBIN SCREW CORPORATION 
The American Hardware Corporation, Successor 
NEW BRITAIN « CONNECTICUT 
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\ PA-1 8! 
“es Write today on your compan) letter- Ip] 
' head for this massive 800 page, boul Bieat 

volume containing everything in radi Bis 
| and electronic equipment, Address Bos g. 
Pp. R, M 
—Telephone BArclay 7-1840— ; 









A moderately-priced, convenient portable 


== resistance tester. Self-contained. Battery 
Operated. Range 0-200 megohms. Poten- 
tial 400 volts D. C. at test terminals. Push 
button operated. 


% COLE INSTRUMENT CoO. ' 
: DIV., ELECTRIC PRODUCTS SERVICE & ELECTRONICS co 
x } 1320-22 S. Grand Ave., Los Angeles 15, Calif. 212 Fulton Street, New York 7, Nn. 
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is and circuit drawings. 
ier Electric Corp., 1049 
d., So. Plainfield, N. J. 

68 rht Adjusting. Folder, 3%” 
1 es. Detailed directions fo. 
i calibrating weights to 
nth milligram with weight 
aratus. Thompson Balance 
Street, Denver, Colo. 








»meters. Catalog 1101 H, 8%” 
es. High speed photoelec- 
iced recorders, indicators, 
yntrollers, and recording 

eam of light reflected by 










pont! ’ 





ar used to control a motor 
s ving contact of a poten- 
bridge to maintain balance. 
to U.1% is possible. Text 
3; principle of operation and 
ted by numerous illustra- 
ay Tagliabue Mfg. Co., Park & 
! .ves., Brooklyn 5, N. Y. 
Py Automatic Temperature Control 
4 Rotary Kilns. Bulletin, Sig” X 11%” 
ig ? rint of a pape! describing 
x a n of automatic temperature 
Vit ae . large rotary lime kiln. 
t ¢MEPaced 1 the problem of eliminating 
B Stesyiim \ ctuating temperatures en- 
1 nd nt before application of automa- 
the author analyzes the 
i describes the method of con- 
neg ctors to obtain relative con- 
8) Mant ratures, Text is supplemented 
d 9 vy diaz s and illustrations. Bristol 
a. Waterbury 91, Conn. 
Adjustable Speed Simplicity from 
4, (. Lines. | atalog Sheet 171, 84%” 
a f a. es, F eature 3 and advantages of 
ectro! control of D. C. motors from 
tI S te. Electron Equipment Corp., 
a Ne) ngs, Calif 
tor, . 72 Thermometers. Bulletin 20, 8% 
-e t l § pages. Dimensions, specifica- 
S ns i illustrations of straight and 
| ink thermometers for liquids; 
tb 1 ngle pattern thermometers for liquids; 
Dit ijus ingle thermometers for ait 
nnd dial thermometers for liquids and 
Se 1 Text explains the special features 
i advantages of each. Johnson Servic 
7 E. Michigan St., Milwaukee 2, Wis. 
Magnetometer (aircraft analysis 
ype). Brochure, 8142” X 11”, 12 pages. An 
trical device which measures the 
Bire ) ind magnitude of the Earth's 
feld at any given location. Instructions 
lso explain how the instrument may be 
ised to locate magnetic members in an 
ircraft and how to determine the sub- 
equent influence on compass readings 
everal other applications are also ex 
jained in brochure. Waugh Labora- 
ories, Div. Waugh Equipment Co., 420 
rtton Ave., New York, N. Y. 
The Motorgram. 8.” x 11”, i 
‘ontains helpful and interesting 
nf those readers concerned 
HP motors. Of parti- 
rticle “Speed Control | 


EDITION 3 ~ icteristi ‘ractional Horsepower 

fotors” w vhere in methods of controlling 

FREE! peeds are discussed, as well as ad- 

fantages and disadvantages of each. 

ine Electrie Co., 2250 W. Ohio St., 
go 12, Ill 

L-75 8 pe acot Purpose Capacitors, 
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SOO Page 
Buying Guide 
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der 721. 8% 11”, 4 pages. Dimen- | 
RTS Bions and spec ifications of special cera- |} 
capacitors now in current produc- | 
ES ¢ supplements bulletin No 630 | 


and presents data | 
ised in published 


IAL Mgr pa la} Divis n of Globe-Unior 
: entralab, sion o riobe-Un1I0On 
IPMENT q ) East Keefe Ave., Milwaukee, | 


ec capacitors 





R R i q L-7 sreak Bottlenecks. Folder, 814” 
rock! - +3 pages. Illustrations of indus- | 
t ; s for heating or cooling over a! 


Bide range of temperatures. Examples 






















TALOG 4 how use of equipment in test- | 
lust Out! ere p lucts, maintaining materials at a| 

stant temperature, ete. Units can be} 
any letter: MBupplied with humidity and pressure 
page, bound MMeatures to simulate actual conditions of 
ng in rade M@licht for aircraft products. Kold-hold 
ddress Bos C 424 North Grand Ave., Lansing 


Hydromike. 814” « 11”, 4 pages. | 
‘ins an interesting article on water | 
‘ometers and their comparison with | 
iry type. By sealing the differ- | 
inometer tubes in a manifold, | 
Ping the water columns de- 

air pressure, it is stated that 
ds the most accurate differen- 

yet found for Venturi, orifice, 
tube meters, etc. Leupold and 
Instruments, 4445 N. E. Glesan 
ind 13, Ore. 


vanometer to a photoelec- | 








the GAERTNER 
TOOLMAKER MICROSCOPE 


for length, coordinate and angle measurements 


The Gaertner Toolmaker Microscope enjoys preferential acceptance in 
industries devoted to the production of precision parts. 


The instrument is widely used in United Nations war plants to inspect work 
in progress and finished work—to measure form tools, milling tools, drill 
jigs, templets and gauges, machine parts, taps and hobs—to perform the 
various thread measurements. 


It is an accurate, reliable and durable instrument incorporating fine machin 
ing and carefully adjusted optical parts. 


Send for Bulletin 147-14 
THE 
GAERTNER SCIENTIFIC CORP. 


1211 Wricutwoop Ave., Cuicaco (14), U.S.A. 





TO PREVENT WASTE AND AID THE WAR EFFORT 

(1) Request ONLY the literature that will aid you in your war work. 

(2) Paste the coupon on a government postal card addressed to Instruments, 
taking care to make all four edges stick 


Instruments, 1117 Wolfendale St., Pittsburgh 12, Pa. (APRIL 1944) 
Please have the following catalogs, etc., reviewed in this issue sent to me. 


Numbers........ a aa aa Ne a Bn a gs a a as a 


I also desire further information concerning the following new products described in 
this month’s “New Instruments” Department. 


I also desire further information concerning the oe products advertised i 
this issue (Write page number and name of company)... 


OT kh ce av oR Rape ares tee 
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PROTECT VITAL 
WIRES & CABLES 
FROM STRAIN 








































SSEMBLY time can be re- 

duced and production sim- 
plified with this Heyman strain 
relief. It will absorb cord pull 
and torque and eliminate strain 
on terminals. Protective coat- 
ing retards rusting. Has Under- 


writers Laboratories approval. 


HUNDREDS OF USES IN: 


INSTRUMENTS 
RADIOS 
HEAD SETS 
ELECTRONIC DEVICES 
CONTROL PANELS 
TELEPHONES 


ELECTRICALLY ENERGIZED 
MACHINERY 


ETC. 


Send cord size for test samples 
and quotations for your partic- 
ular application, without obli- 
gation, of course. 


HEYMAN 


MFG. COMPANY 


MANUFACTURERS ENGINEERS 
KENILWORTH, NEW JERSEY 
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TERMINAL RADIO CORP. 


65 CORTLANDT ST. NEW YORK 7, N. Y! 
\, Phene WOrth 2-4415 
\ 
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Facilities for complete mark. 
ing production — any quap. 


tity, on any surface 


MULTI-MARK Screens made up 
for any design; reproductiong 
may be made directly on your 
products without special ma- 
chinery; complete directions 
furnished. 


Write to us for information on 
marking problems ... we've had 
experience with scores of them 
and may be able to help you. 
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